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PREFACE. 


r^HE  work  here  offered  to  tlie  piiljlic  will  he  fonnd 

suited,  it  is  Loped,  to  two  classes  of  readers.    There 

I  numerous  class  of  intelligent  persona  who  do  not 

ind  it  convenient  to  possess  themselTCB  of  all  the  more 

mpoi-tant  conclusions  of  the  physical  sciences  by  a  re- 

t  either  to  original  memoirs  or  to  formal  scientific 

reatises,  but  who  nevertheless  recognize  the  great  inter- 

t  of  the  developments  of  recent  science,  and  would  be  - 

^lad  to  be  put  in  a  position  to  take  a  panoramic  survey 

pof  its  grand  generalizations.     Such  an  opportunity  the 

Siuflior  has  aimed  to  present. 

3  work  will  also  he  found  useful  as  an  aid  in  re- 
The  student  may  plod  ever  so  diligently  and  ever 
>  intelligently  through  the  details  of  a  science;  he  is 
t  to  gain  only  vague  impressions  and  floating  ideas, 
less  enabled  to  take  a  comprehensive  survey  of  the 
leld,  witli  the  details  all  left  in  the  background,  and  the 
t  outlines  and  prominent  landmarks  all  brought  sa- 
mtly  into  proper  relations  to  each  otlier.  As  the  en- 
•,  who  may  have  completed  the  most  elaborate  sur- 
rey of  a  region,  requires  at  last  to  contemplate  it  from 
tome  elevated  hill-top  to  gain  a  vivid  conception  of  tlie 
indecape  as  a  whole,  so  the  student  needs  to  be  lifted 
n  position  where  he  may  enjoy  a  bird's-eje  view 
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of  the  entire  field  at  a  glance,  in  order  to  give  vividness, 
sharpness,  locality,  and  permanence  to  the  thoughts  and 
images  floating  in  his  mind. 

There  also  other  considerations  which  have  been  prom- 
inently before  the  mind  of  the  author  in  drawing  up  some 
of  the  following  chapters  for  publication.  He  can  not  re- 
sist the  conviction  that  Nature  is  intended  as  a  revelation 
of  God  to  all  intelligences.  If  it  be  so  intended,  Nature 
must  be  capable  of  fulfilling  the  offices  of  a  revelation, 
and  a  knowledge  of  her  phenomena  and  laws  must  afPord 
the  data  of  a  theology.  Despite  the  skepticism  of  a  cer- 
tain school  of  recent  writers,  the  phenomena  of  the  uni- 
verse continue  to  inspire  in  the  soul  of  man  emotions  of 
religious  reverence  and  worship.  To  the  mass  of  mind, 
as  to  the  intelligence  of  Socrates,  and  Plato,  and  Kepler, 
•  and  Newton,  and  Galen,  and  Paley,  and  Buckland,  the 
order  of  the  Cosmos  proclaims  an  Infinite  Intelligence. 
The  author  has  no  fear  that  the  ultimate  analysis  of  the 
grounds  of  this  belief  will  result  in  showing  them  um;eal 
or  unsatisfactory  to  a  critical  philosophy.  Imbued  with 
such  convictions,  the  author  has  made  no  effort  to  dis- 
guise them.  He  has  not,  however,  entered  into  any  for- 
mal attempt  to  set  forth  the  relations  of  science  to  the 
system  of  Christian  faith,  though  the  way  has  been  fre- 
quently opened.  He  hopes  at  no  distant  day  to  resume 
the  consideration  of  these  subjects.  Besides  the  argu- 
ments made  familiar  by  Paley,  Whewell,  and  other  writ- 
ers on  Natural  Theology  —  to  which,  indeed,  fourfold 
strength  is  added  by  the  later  developments  of  the  phys- 
ical sciences  —  there  are  new  topics  thrust  before  the 
world  by  the  current  of  modern  thought,  upon  which  a 
flood,  of  light  is  thrown  by  late  discoveries,  if,  in  fact, 


Sieir  discussion  does  not  lie  exclusively  witliin  the  do- 
I  of  Natiu*al  Science.     Such  are  the  Antiquity  of 
3  Human  Race,  the  Unity  of  tlie  Race,  the  Primeval 
londition  of  Man,  Harmony  of  the  Mosaic  and  Geologic 
Ooemogonies,  the  Mosaic  Deluge,  Natural  Evil,  Develop- 
ment, the  Foreshadowing  of  Man's  Birtliplace,  the  L'nily 
f  Creation,  Teleological  and  Homological  Design  in  Na- 
In  the  mean  time,  the  suggestionB  thrown  out  in 
}  work  may  be  of  service  to  some  of  those  who  may 
B  seeking  for  the  groimds  of  a  rational  religious  belief. 
The  elucidation  of  the  great  problems  of  philosophic 
r  speculative  theology  is,  indeed,  the  highest  function 
e.    All  our  learaing  would,  in  reality,  be  bnt 
1 "  vanity"  which  it  ia  sometimes  reproached  with  be- 
j  if  it  could  reflect  no  light  upon  the  origin,  the  na- 
,  the  duty,  and  the  destiny  of  man.     It  is  not  for  its 
),  but  for  the  significance  of  the  facts,  that  science  is 
able.     To  accumulate  the  data  of  science  is  good; 
0  interpret  tliem  is  the  noblest  prerogative  of  a  thinking 
»ing.     Science  interpreted  is  theology.     Science  prose- 
futed  to  its  conclusions  leads  to  God, 

To  all,#ien,  who  love  to  hold  commimion  with  the 
flioughts  embodied  in  the  "  visible  f  onns"  of  Nature ; 
1  delight  to  contemplate  the  sublime,  persistent,  all- 
mprehending,  and  beneficent  plans  of  Deity  unfolding 
Kragh  geological  cycles  toward  definite  and  intelligible 
) ;  in  short,  to  all  who  love  to 

"Look  through  Nature  up  to  Nature's  God," 
e  pages  are  respectfully  submitted. 

Tub  Authok. 
iN  Arbob,  Michigan,  Ociobtr,  IStlli. 
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CHAPTER  L 

DISCLOSURE    OF  THE   SUBJECT. 


WHAT  is  this  which  I  have  opened  from  the  solid, 
rock  ?  It  has  the  appearance  of  a  bivalve  shell,  like 
a  clam  or  an  oyster.  I  was  passing  a  delightful  summer- 
day  amid  the  romantic  scenery  of  Trenton  Falls,  and  broke 
from  the  rocky  wall  of  the  deep-cut  gorge  these  unexpect- 
ed forms.  Who  has  not  stumbled  upon  similar  shapes  at 
the  foot  of  some  beetling  cliff,  or  washed  from  4he  weath- 
ered soil  of  some  cultivated  field  ?  Pause  a  moment,  for 
these  are  remarkable  and  unexpected  discoveries.  Let  us 
interrogate  these  forms. 

They  can  not  be  the  shells  of  oysters  or  clams ;  for,  in 
the  first  place,  they  are  only  stone  in  substance,  with  a  pe- 
culiarly dead  and  mineralized  appearance.  In  the  next 
place,  they  are  nearly  three  hundred  miles  from  salt  water, 
and  as  many  feet  above  the  level  of  the  sea.  Perhaps, 
then,  they  are  the  dead  and  petrified  shells  of  some  fresh- 
water molluscs,  like  mussels.  This  can  not  be,  because  the 
resemblance  is  not  sufficiently  close.  The  beak,  or  most 
prominent  part  of  these  shell-like  forms,  is  exactly  in  the 
middle  (Fig.  1,  a;  see  page  14),  while  the  beak  of  the 
mussel  is  always  nearer  to  one  end  (Fig.  3,  a ;  see  page 
14).     And,  farther,  one  piece  or  valve  of  these  problematic 
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waifs  has  a  different  degree  of  convexity  frum  the  otiier 
(Fig.  2),  while  with  muBeela  both  valves  are  equally  con- 


vex {Fig.  4).  In  fact,  the  more  we  study  these  thiDgB,  the 
less  they  look  like  mnssel-shells — the  less  they  look  like 
any  thing  else  with  which  we  are  acquainted.  I  have 
heard  men  familiarly 
call  these  objects  by 
the  name  of  "  clam- 
shells;" and  others 
they  call  "snails;"  and 
still  other  curious  struc- 

Kg.  3.  Common  River  Moflsel.    View  of  led    titles,       frequently       Cll- 

vaivc.   n.  Tiie"heflk."  conntcred  m  cultivated 

fields,  they  designate  as  "  petrified  honey  comb"  and  "  pet- 
rified waBps'-nests,"  But  a  tew  monunts'  ( irtfiil  observa- 
tion suffices  to  show 
that  these  things  differ 
materially  from  the  ob- 
jects whose  names  have 
been     bestowed     upon  _.    .  „,       ,,,.,  __„    „  ,,. 

J^        Fig.  +.  view  of  "hinge  llm;"  of  the  same,  filinw- 
them.  tig  lilt  aqnal  coDiffliity  of  the  two  valves. 

It  seems  unreasonable  to  suppose,  therefore,  that  these 
Il-like  forms  have  ever  belonged  to  living  animals. 
Y  are  probably  but "  mere  freaks  of  nature."  Perhaps 
g  have  been  prodnced  by  "  the  inflnenoeB  of  the  etars." 


bISCLOSTTME  OF  THE  SUBJSVT.  J5 

Or,  it  may  "be,  there  is  some  mysterious  "  principie"  ill  llie 
eartli  ■which,  by  some  sort  of  "fermentation,"  produces 
these  semblances  to  living  forms.  Or,  still  again,  as  these 
rocks  esisted  before  animals  were  created,  it  may  be  that 
the  Creator  moulded  these  lifeless  shapes  to  serve  as  "pro- 
totypes" or  "models"  from  which  the  living  forms  of  ani- 
mals were  to  be  copied.  Or,  who  knows,  finally,  but  the 
old  conjecture  of  Epicurus  may  be  truth  ?  Since  mafler 
must  exist  in  some  form,  may  we  not  regard  these  as  some 
of  the  possible  forma  under  which  the  particles  of  matter 
I   fortuitously  fall? 

So  reasoned  the  world  prior  to  the  sixteenth  century. 
'  But  this  was  when  the  philosopher  sat  in  his  closet  and 
I  argned  how  things  ought  to  be,  instead  of  going  forth  to 
I  observe  how  things  are.  We  have  learned  to  contemplate 
I  Nature  with  a  diflfereut  spirit.  We  have  puUed  down  the 
[  house  of  many  a  speculatist  about  his  ears.  We  have  de- 
f  molished  many  a  universe  constructed  of  the  cobwebs  of 
I  logic.  We  do  not  despise  first  principles  and  necessary 
I  deductions,  buffve  have  discovered  a  more  direct  and  a 
Imore  certain  way  of  arriving  at  a  history  of  the  universe. 
rWe  interrogate  the  facta  which  surround  us,  and  have 
I  found  them  able  to  narrate  a  history  which  never  entered 
I  the  imaginations  of  the  schoolmen.  The  phenomena  of 
I  Nature  are  the  premises  of  our  reasoning  instead  of  its 
I  oonclusiona.  We  have  learned  to  look  upon  Nature  with  , 
t  a  profounder  respect ;  and,  though  the  alphabet  of  our 
[  philosophy  be  trees,  and  hirds,  and  rocks,  and  fossOs,  and 
I  other  material  things  which  metaphysics  affects  to  despise, 
Tve  have  found  that  they  combine  themselves  into  a  lan- 
L  guage  freighted  with  grand  conceptions,  and  rich  in  utter- 
I  -ances  of  the  unseen,  the  high,  and  the  holy.  It  has  been 
1  revealed  to  us  that  the  vast  system  of  Nature  is  the  ey- 
bpreesion  of  a  divine  thonrrht — that  the  wide,  blue,  restless 
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ocean  is  the  symbol  of  a  divine  idea — the  swelling  prairie, 
the  rocky  cordillera,  the  teeming  populations  of  land,  and 
sea,  and  air,  are  the  utterances  of  divine  conceptions — the 
stirring  leaf,  the  basking  butterfly,  the  glistening  pebble 
on  the  strand,  are  thoughts  of  the  Infinite,  crystallized  in 
visible  things,  thrown  down  before  us  to  arrest  our  atten- 
tion— strewn  over  our  pathway  to  provoke  our  curiosity 
ana  arouse  the  powers  of  the  soul. 

We  have  listened  to  the  recital  of  the  pebble,  and  its 
simple  story  has  turned  our  thoughts  backward  over  the 
flight  of  ages,  and  disclosed  a  marvelous  iinity  running 
through  the  long  series  of  revolutions  and  innovations  to 
which  our  domestic  planet  has  been  subjected.  We  have 
read  the  epic  of  the  trilobite,  and  have  learned  of  a  Deity 
inaugurating  plans  in  the  infancy  of  our  earth  which  are 
still  in  process  of  consummation.  We  have  lighted  the 
vistas  of  the  fleeting  ages.  We  have  studied  the  records 
of  universal  empires,  and  the  monuments  which  perpetuate 
the  memory  of  powerful  dynasties.  We  have  seen  the  pro- 
cession of  living  forms  pass  by,  and  disc  ™ered  them  mar- 
shaled by  a  single  leading  Intelligence.  We  have  wit- 
nessed the  progressive  development  of  the  physical  world 
— ^its  successive  adaptations  to  its  successive  populations, 
and  its  completion  and  special  preparation  for  the  occu- 
pancy of  man,  and  have  learned  that  the'  whole  creation 
is  the  product  of  one  eternal,  intelligent  master  purpose — 
the  coherent  result  of  one  Mind. 

What  higher  subject  of  contemplation  than  the  world- 
phenomena  which  express  the  thoughts  of  the  Creator  ? 
What  nobler  history  to  study  than  the  annals  of  races  and 
revolutions  in  which  the  Almighty  purpose,  instead  of  hu- 
man will,  has  "been  the  controlling  power?  What  antiqui- 
ties more  awe-inspiring  than  the  ruins  of  continents  and 
the  tombs  of  races  whose  splendid  dynasties  passed  their 


DIl^CLOSURE  OF  THE  SUBJECT.  17 

meiidian  and  decline  while  yet  the  family  of.Adam  was  in 
the  unborn  future,  and  God,  in  the  awful  solitudes  of  earth, 
worked  out  his  all-embracing  plans?  From  the  elevated 
stand-point  of  modem  science,  the  view  before  us  is  inspir- 
ing. Let  us  thread  a  few  of  the  footpaths  leading  up  to 
this  enchanting  altitude. 
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CHAPTER  II. 

THE    ORDEAL   BY  WATER. 

TTTE  were  too  hasty  in  pronouncing  it  impossible  that 
▼  ▼  the  little  s^iU  struck  from  the  gorge-wall  of  the 
roaring  stream  could  ever  have  belonged  to  a  living  ani- 
mal. It  is  quite  true  that  no  being  now  exists  in  the 
waters  of  the  land  or  the  ocean  which  can  be  exactly  iden- 
tified with  it.  There  are  forms  in  the  sea,  however,  which 
possess  every  characteri^ic  by  which  we  distinguished  it 
from  the  river  mussel.  The  resemblances  are  so  close  that 
We  are  compelled  to  admit  that  this  may  really  be  a  marine 
form.  We  look  again  at  the  pile  of  rocks  from  which  this 
specimen  was  taken.  Layer  after  layer  succeeds  from  the 
bottom  to  the  top ;  and  here  and  ther^  are  other  similar 
forms  imbedded  between  the  sheets  of  shale.  If  these  are 
marine  forms,  these  strata  are  marine  sediments.  But  here 
is  the  difficulty.  This  place  is  hundreds  of  feet  above  the 
surface  of  the  sea,  and  if  ever  the  sea  stood  at  this  level 
the  greater  part  of  the  continent  must  have  been  sub- 
merged. But  have  we  not  a  record  of  such  a  submer- 
gence? Yes,  indeed;  the  sacred  writers  tell  us  of  a  deluge 
which  destroyed  the  human  family.  A  tradition  of  the 
same  has  been  embalmed  in  Ovid's  myth  of  Deucalion  and 
Pyrrha ;  and  nearly  every  nation  under  the  sun,  from  the 
cultured  Greek  to  the  savage  Koloschian  of  Alaska,  has  its 
legend  under  which  the  memory  of  the  Deluge  has  been 
perpetuated.  Shall  we  then  content  ourselves  with  the 
conclusion  that  this  pile  of  strata  was  laid  down  by  the 
waters  of  the  Noachian  ilood,  and  that  these  molluscs  were 
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B  contemporai'ica  of  the  beasts  which  inhabited  the  ark? 
conclusiou  thus  hastily  reached  would  have  suited  the 
preceding  age;  but  the  spirit  of  modem  research  bids  ns 
examine  farther.  "We  lay  down  our  little  shell,  and  set  oat 
upon  the  search  for  evidences  to  confirm  the  suspicions 
already  awakened,  that  it  was  once  the  home  of  a  sea- 
dwelling  mollusc. 

vith  me  first  to  the  coast  of  the  Gulf  of  Naples. 
There,  near  the  ancient  town  of  Puzzuoli,  at  the  head  of  an 
'indentation  in  the  Bay  of  Balie,  stand  three  marble  pillars 
forty  feet  in  height.    Theii-  pedeatals  are  washed  by  the 
watei-s  of  the  Mediterranean.     The  marble  pavement  upon 
which  they  stand,  and  which  was,  in  the  second  century, 
Kthe  Door  of  a  temple,  or,  perhaps,  of  a  bath-house,  is  sunkeu  - 
[three  feet  beneath  the  waves.    Six  feet  beneath  this  ia  an- 
ither  costly  pavemeot  of  mosaic,  which  must  have  formed 
^the  original  floor  of  the  temple.    WTiat  does  all  this  indi- 
cate?    The  foundations  of  a  temple  would  not  be  laid  nine 
feet  beneath  the  level  of  the  sea.     They  must  have  been  •; 
built  upon  the  solid  land.     As  the  land  subsided  a  new 
ibnndation  was  laid,  and  a  new  structure  was  reared  above 
'the  encroaching  waves.     But  look  upward  and  examine 
snrface  of  the  marble.     For  twelve  (eet  above  their 
.pedestals  these  pillars  are  smooth  and  uninjured.     Above 
this  is  a  zone  of  about  nine  tcet,  throughout  which  the  mar- 
ble IB  perforated  with  numerous  holes.     Exploring  these 
ilioles,  we  find  them  to  enlarge  inward,  and  at  the  bottom 
of  each  repose  the  remains  of  a  little  boring  bivalve  shell — 
XA^o4omv9.     This  little  bivalve  is  the  same  species  which 
M  now  inhabiting  the  adjacent  waters.     We  know  well  its 
'Jiabita     It  does  not  live  in  the  open  water.     It  burrows  in 
I  the  sand,  or  bores  its  way  into  the  shells  of  other  nioIluHCH, 
into  solid  stone.     But  it  never  climbs  treeiK  or  marble 
ilnmns  to  build  its  nest,  like  a  bird  in  the  air.     How^thati, 
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I  it  occnr  fweiity-tlii'ee  feet  above  the  surface  of  llie 
rater?    There  evidently  haa  been  a  time  when  the  Wliole 
mlumn,  to  the  height  of  these  Litliodomi,  was  BubmergetL 
"  e  oscillations  of  the  surface,  therefore,  as  shown  by  these 
indications,  were,  first,  a  subsidence  and  submergence  of 
)  original  foundation,  requiring  the  construction  of  the 
second  one  six  feet  above  the  other;  the  l:on  tin  nation  of 
flie  subsidence  till  the  original  pavement  was  twenty-seven 
Ifeet  beneath  the  surfece,  at  which  depth  it  remained  a  suffi- 
jcient  time  for  the  little  stone-borers  to  penetrate  to  the 
jBeart  of  the  pillar — a  work  which  they  required  a  lifetime 
Erto  accomplish.     Nest  occurred  an  elevation,  raising  the 
midthodomi  out  of  the  water,  and  thus  ending  their  exists 
^'^nce.    Nor  is  this  all.     Observations  made  since  the  he- 
inning  of  the  present  century  show  that  the  foundations 
Fef  this  temple  are  again  sinking  at  the  rate  of  one  inch  per 
Ij  year. 

Such  an  example,  thus  authenticated,  throws  a  flood  of 
I  light  upon  the  problems  of  geology.  It  establishes  the  ■ 
Kdoctrine  of  the  unstable  condition  of  the  land.  Tlie  rock  is 
Eno  longer  the  emblem  of  firmness  and  stability.  We  have 
B  a  monument  which  perpetuates  the  remembrance  of 
■  secular  oscillations  in  the  level  of  a  continent.  The  little 
I  JJithodomus  has  graven  the  inscriptions  upon  the  marble 
I  pillar,  even  at  the  cost  of  its  own  life.  Such  care  has  Pi*ov- 
I  idence  ever  exercised  to  leave  in  our  hands  a  key  by  which 
I:  to  nnlock  the  mysteries  of  past  ages. 

It  is  established,  then,  that  the  level  of  the  land  may 
I'  vary — that  the  shores  of  a  continent  may  be  submerged, 
I  and  that  at  a  subsequent  period  they  may  rise  again  from 
W  the  waves.  But  the  doctrine  does  not  rest  upon  an  iso- 
fluted  example.  The  oscillations  recorded  upon  the  temple 
■^f  Jupiter  Serapis  are  only  a  clear  and  beautiful  illustration 
■»f  the  nature  of  the  proofs  which  exist  upon  every  shore. 
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iliimns  of  other  temples  are  in  a  similar  i 
roufld  submerged.  Roman  roads  have  been  discovered 
many  feet  onder  water.  Ancient  sea-coaeta  have  been  ob- 
served far  inland.  On  this  continent  the  shore-line  of  the 
Atlantic  is  experiencing  a  series  of  slow,  undulatory  move- 
ments. At  St.  Augustine,  in  Florida,  the  stumps  of  cedar 
trees  stand  beneath  the  hard  beach  ahell-rock,  immersed  iu 
the  water  at  the  lowest  tides.  Some  of  the  sounds  upon 
the  coast  of  North  Carolina,  which  have  been  navigable 
within  the  memory  of  living  aea-eaptains,  are  now  impassa- 
ble bars  or  emerging  sand-flata.  Along  the  coast  of  New 
Jersey  the  sea  has  encroaclied,  within  sixty  years,  upon  the 
sites  of  former  habitations,  and  entire  forests  have  been 
prostrated  by  the  inundation.  In  the  harbor  of  Nantucket 
the  upright  stumps  of  trees  are  found  eight  feet  below  the 
lowest  tide,  with  their  roots  still  buried  in  their  native  soil. 
Similar  ruins  of  ancient  submarine  forests  occur  on  Mar- 
tlia's  Vineyard,  and  on  the  north  side  of  Cape  Cod,  and 
again  at  Portland.  In  the  region  of  the  St.  Croix  River, 
separaluig  Maine  from  New  Brunswiok,  the  coast  has  been 
raised,  carrying  deposits  of  recent  sheila  and  sea-weeds  in 
one  instance  to  the  height  of  twenty-eight  feet  above  the 
present  surface  of  the  sea.  Tlie  island  of  Grand  Manan, 
off  the  mouth  of  the  St,  Crois  River,  is  slowly  rotating  on 
an  axis,  so  that,  while  the  south  side  is  gradually  dipping 
beneath  the  waves,  the  north  is  lifted  into  high  bluffs. 
Near  the  River  St.  John  is  an  area  of  twenty  square  miles 
containing  marine  shells  and  plants  recently  elevated  from 
the  sea.  One  hundred  and  fifty  miles  east  of  here,  the 
shore  is  experiencing  another  aubsidence.  The  north  side 
of  Nova  Scotia  is  sinking,  while  the  south  is  rising,  inao- 
muoh  that  breakers  now  appear  off  the  southern  coast  in 
places  safely  navigable  years  ago.  The  ancient  city  of 
Lonisbnrg,  on  the  island  of  Cajie  Breton,  is  another  testi- 
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inony  tf»  the  uneasy  oondition  of  the  land.  This  place  was 
once  the  strong-told  of  France  in  America,  and  had  one  of 
the  finest  harbors  in  the  world.  It  was  well  fortified,  and 
had  a  population  of  twenty  thouaand  souls  within  its  walls. 
It  waa  destroyed  duiing  the  French  and  Indian  war,  and 
the  inhabitants  dispersed.  But  Nature  had  herself  ox- 
dained  its  abandoomeDt.  The  rock  on  which  the  brave 
General  Wolfe  landed  has  nearly  disappeared.  The  sea 
now  flows  within  the  walla  of  the  city,  and  sites  once  in- 
habited have  become  the  ocean's  bed.  In  1822  the  entire 
laat  of  Chili  was  elevated  to  a  hei_ght  varying  fi'om  two 
feet — an  extent  equal  to  the  area  of  New  England 
id  New  York  having  been  lifted  up  bodily.  In  1831,  an 
island,  since  called  Graham's 
Island,  sprang  from  the  bed  of 
the  Mediterranean  between  Sic- 
ily and  the  site  of  ancient  Car- 
thage. The  island  is  now  again 
but  a  sunken  reef  Another  isl- 
and, aa  recently  as  1866,  rose 
from  the  bottom  of  the  Grecian 
Archipelago,  before  the  very 
eyes  of  the  American  consul, 
M]-.  Canfield,  bearing  upon  its 
rGniham'Bhiaud.Jiiiy  t^Hmy  back  fragments  of  wrecks 
'^'^"'  '         tha»  had  been  sunken  in  the  Ut- 

faarbor  of  Santorin.  Similar  ocean-birtha  bad  many  times 
ivioualy  been  witnessed  in  the  same  vicinity.  A  hundred 
id  sixty-fiix  years  before  our  era  the  island  of  Hyera  rose, 
waa  lifted  a uceessivety  higher  by  earthquake-throbs  in 
le  years  19,  726,  and  1427.  In  1707  Nea-Kameni  made 
appearance,  and  in  1773  Micra-Kameni.  Even  the  an- 
t  islands  of  Santorin,  Thrasia,  and  Aphronisi  themselves 
from  the  sea  at  the  termination  of  an  earthquake  fava& 
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agcB  before  the  Christian  era.  The  ancient  Greek  fable  of 
the  floating  islands  called  Symplegadea  probably  origina- 
ted in  the  volcanic  movements  of  the  earth's  crust  in.  the 
vicinity  of  the  Thracian  Bosporua,  the  ineffaceable  traces 
of  which  are  still  to  be  seen. 

The  entire  chain  of  the  Aleutian  Islands,  ranging  across 
the  North  Pacific  from  Alaska  to  Kamtschatka,  is  but  a 
series  of  vestiges  of  an  ancient  ridge  of  land  now  worn  out, 
bnt  originally  raised  by  the  power  of  volcanic  fires  which 
are  even  to-day  smouldering  beneath  the  bed  of  the  sea. 
These  fires,  as  late  as  179C,  burst  out  a  few  miles  north  of 
the  island  of  Unalaska,  and  added  another  member  to  the 
group,  which  has  continued  to  grow  in  size  till  recent 
times. 

As  might  be  expected,  the  records  of  continental  oscilla- 
tions are  not  confined  to  sea-coast  lines,  but  may  be  de- 
tected along  our  lakes  and  in  the  valleys  of  the  rivers. 

If  such  changes  occur  in  a  lifetime,  what  may  not  a  slow 
subsidence  or  elevation  amount  to  in  the  lifetime  of  our 
race?  A  depression  in  the  valley  of  the  Lower  Mississippi 
of  only  three  hundred  feet,  would  admit  the  waters  of  the 
Gulf  of  Mexico  up  to  the  mouth  of  the  Ohio.  A  trifling 
depression  in  Northern  Illinois  would  furnish  an  outlet  to 
the  Gulf  for  Lakes  IHichigan,  Superior,  and  Huron.  A  de- 
pression of  eight  hundred  feet  would  submerge  nearly  the 
whole  of  the  Southern  and  Western  States, 

How  easy,  then,  in  view  of  facta  which  every  body  can 
observe,  to  admit  the  geological  doctrine  of  the  fonner 
submergence  of  all  the  continents.  The  shells  broken  from 
the  wall  of  the  gorge  at  Trenton  Falls,  though  unlike  any 
fresh-water  forms,  are  still  the  kindred  of  beings  now  living 
in  the  Atlantic ;  and,  with  the  evidence  before  us,  we  can 
not  resist  the  conviction  that  the  domin^n  of  the  sea  once 
extended  over  the  Empire  State.  As  the  relics  of  Roman 
B 
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dominion  are  found  in  England  and  France,  and  Germany 
and  Palestine,  and  nobody  questions  the  testimony  of  these 
relics,  so  the  antiquities  of  Old  Ocean  have  been  exhumed 
from  the  soil  of  every  state.  Who  can  now  perpetrate  the 
folly  of  denying  to  one  empire  the  universality  which  every 
body  concedes  to  the  other  ? 

So  reasoned  Fracastoro  when,  in  1517,  the  exhumation  of 
a  multitude  of  curious  petrifactions  at  Verona,  in  Italy, 
had  aroused  the  speculations  of  numerous  writers.  But  his 
reasonable  suggestion  was  too  bold  for  the  philosophy  of 
that  age,  and  Fracastoro  was  stamped  a  heretic  by  that 
papal  orthodoxy  which  persecuted  also 

**  The  starry  Galileo  with  his  woes." 


'■.     .         i      .  ■    ■    . 
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XT  required  a  century  to  gain  the  credence  of  the  world 
-*■  to  the  suggestion  of  Fracastoro.  This  point  gained,  it 
took  a  century  and  a  half  to  overthrow  the  popular  belief 
that  tlie  inhumation  of  fossil  remains  was  all  effected  at 
tJie  time  of  the  Mosaic  deluge.  But  few  observations  of 
tJic  nature  of  those  already  cited  had,  at  this  period,  been 
made;.  With  our  present  knowledge  of  the  oscillations 
whicJi  are  going  on  in  the  comparative  level  of  continents 
and  oc(»anH,  lie  would  seem  to  be  beyond  the  reach  of  argu- 
nHMit  wJio  can  still  deny  that  our  beautiful  prairies  have, 
for  ages  instead  of  months,  been  the  bed  of  a  sea  which 
rolh'ri  its  surges  fron^the  Adirondacks  on  the  east  to  the 
Si(MTa  Nevada  on  the  west.  Admitting  the  deluge  of  Noah 
to  have  been  universal,  were  the  agencies  in  operation  dur- 
ing the  one  hundred  and  fifty  days  of  its  continuance  suf- 
ficiently energetic  to  accumulate  sediments  twenty  miles 
in  thickness  in  that  brief  period?  Such  a  conclusion  is 
contradicted  by  all  our  observations,  instead  of  being  sus- 
tain(;d  by  tliem.  These  stratified  rocks  cover  nineteen 
twentietlis  of  the  earth's  surface;  and  the  material  for 
th(tm  lias  been  ground  from  the  rocky  shores  of  ancient 
islands  and  continents  by  the  beating  of  the  waves.  If 
they  have  thus  been  distributed  by  the  action  of  water,  it 
has  been  a  slow  process.  Admitting,  then,  the  Noachian 
deluge  to  have  been  universal,  and  to  have  covered  the 
mountains — since  they  also  are  made  of  fossiliferous  strata, 
even  to  the  altit\}de  of  eight  thousand  feet — ^is  it  likely 
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Bthat  A  hundred  thousand  feet  of  sedimentB  wonld  have 
I  been  deposited  iu  one  hnndred  and  fifty  days,  or  at  the 
K  rate  of  one  eighth  of  a  mile  a  day  ? 

■  Consider,  also,  the  myriads  of  organic  remains  entombed 
V  in  these  sediments.  Their  number  is  fifteen  or  twenty  timea 
m-KB  great  as  that  of  all  existing  animals,  No  evidence  exists 
■that  the  waters  of  the  Mosaic  flood  were  so  immensely  pop- 

■  nloiis,  nor  that  they  were  endowed  with  such  destrnctive 
B«iergy,  as  to  sweep  from  existence  cubic  miles  of  aquatic 
B^trms.  And,  lastly,  it  will  be  noted  that  four  fifths,  at  least, 
»of  the  fossil  species  are  now  estuict ;  and,  if  they  were  ex- 
Btenninated  by  the  deluge,  the  objectoi-  to  geological  teach- 
K-ing  trips  hia  own  feet,  tor  Moses  says  that  Noah  preserved 
•pairs  of  "allfiesh  wherein  is  the  breath  of  life,  and  of  every 
V^ing  that  is  in  the  earth."  The  objector  asserts  that  these 
^Animals,  now  admitted  to  be  extinct,  were  living  at  the  time 
^bf  the  Deluge,  and  were  exterminated  by  that  event.  The 
nacred  historian  asserts  that  the  animals  living  at  the  time 
fttf  the  Deluge  were  preserved  fi-om  extinction  by  the  hand 
EfNoali. 

H  Equally  improbable  and  equally  illogical  is  the  position 
H)f  certain  petrified  philosophers,  who  maintain  that  God 
^fereated  every  portion  of  the  earth's  crust  as  we  find  it. 
^BVe  must  thns  ignore  the  indications  of  every  one  of  a 
^■ayriad  of  faets.  As  well  deny  that  human  hands  built 
^Bie  Roman  aqueduct,  or  made  the  pottery  exhumed  fi-om 
Hpitried  cities  or  Indian  mounds.  As  well  avow  our  disbe- 
H^f  that  Vesuvius  ejected  the  lavas  which  incrust  its  sides 
^B-that  the  lightning  has  struck  the  riven  oak — that  the 
^■ebble  upon  the  sea-ahore  has  been  rounded  by  the  action 
^Bfthe  waves — or  that  the  vacated  shell  by  its  side  was, 
^■Bt  long  since,  the  home  of  an  animal  enjoying  its  eitist- 
^poe  in  the  brine.  Such  a  belief  is  to  contradict  all  ap- 
HtearanceB— to  i-eject  that  which  is  most  probable  and  al- 
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most  demonstrable  for  that  which  is  contrary  to  all  obser- 
vation. The  geological  doctrine  is  not  to  deny  the  unlim- 
ited power  of  Deity,  for  nothing  has  done  more  than  geol- 
ogy to  unfold  and  demonstrate  that  power.  It  is  to  apply 
the  same  reasoning  to  geological  facts  as  we  apply  to  other 
phenomena.  In  the  material  world,  and  within  the  scope 
of  our  investigation,  we  witness  no  result  which  is  not  the 
effect  of  the  antecedent  energy  of  what  we  call  secondary 
causes,  operating  according  t^  established  methods.  What- 
ever can  be  accounted  for  by  reference  to  such  modes  of 
operation,  we  feel  ourselves  precluded  from  attributing  to 
an  extraordinary  and  miraculous  agency. 

In  view  of  the  facts,  therefore,  we  regard  it  as  certain 
that  a  large  part  of  the  solid  crust  of  our  globe  has  passed 
through  an  abhition  in  the  sea.  Particle  by  particle,  grain 
by  grain,  pebble  by  pebble,  has  been  worn  from  the  pre- 
existing rocks ;  and,  after  being  rolled  to  and  fro  for  ages 
by  the  surges  of  the  sea,  has  found  its  way  to  the  deep 
and  quiet  ocean-bed.  There  layers  innumerable  haye  been 
piled  upon  it.  Some  of  the  agencies  of  Nature  have  solid- 
ified these  vast  accumulations  of  sediment;  an  earthquake- 
throe  has  resulted  in  the  birth  of  a  continent,  over  which 
the  mighty  mutations  of  a  geological  epoch  have  swept  in 
grandeur  which  no  human  eye  was  yet  created  to  contem- 
plate ;  then,  in  the  preappointed  order  of  Providence,  man 
came  upon  the  earth ;  and  to-day,  after  the  lapse  of  an  in- 
terval of  time  which,  to  human  apprehension,  is  infinite,  we 
split  open  the  solid  layer,  and  behold !  the  very  pebble  of 
granite  which  was  loosed  from  the  primitive  rock  in  the 
dim  ages  of  the  earth's  history,  .which  reach  far  back  into 
the  eternity  of  God  !  And  by  its  side  is  a  form — an  ani- 
mal form — clearly  an  animal  form ;  but,  if  we  search  the 
world  through,  we  shall  not  find  its  like  among  existing 
beings.     It  is  a  strange  and  uncouth  form.     It  was  one  of 
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Coait,  Oalifiirnliu 


e  earliest  rejuesentatueB  of  oiganization  upon  our  globe 
itere,  in  deep  ocean  Bolitudes,  it  lived  and  sported  its  day, 
Wnarch,  peihaps,  of  an  erapue  tlirice  tlie  extent  of  Alex 
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ilei'B,  And  here  it  perished — its  entire  lineage  perished. 
Not  a  solitary  individual  has  survived ;  and  there  is  not  a 
living  being  upon  all  the  earth,  or  in  all  the  wide  realm 
of  the  ocean,  with  which  we  may  compare  this  anomalous 
Testige,  and  determine  how  it  stood  related  to  other  be- 
ings. Not  one,  I  said ;  but  the  faithful  explorations  of  the 
foi^otten  zoologist  have  brought  to  light,  penihance,  a  sol- 
itary family  which  has  inherited  the  outre  forma  of  this 
primeval  ancestor.  So  do  we  find  the  mule  monarehs  of 
the  ancient  continents  and  seas  represented  in  modem 
cotirts  by  a  few  obscure  individuals  still  wearing  the 
qtiftiiit  Uvery  of  their  antiquated  ancestors.  Thus  do  we 
often  wftnees  the  remotest  past  nnited  to  the  present  by 
fliO^eliiiks;  and  thus  do  we  learn  the  identity  of  that  In- 
tdligence  whose  flnger-marks  remain  upon  the  mins  of 
past  geological  epochs,  and  whose  wisdom  and  benevo- 
lehce  have  beautified  the  landscapes  which  we  daily  ad- 
mire. 

But  water  has  not  been  the  only  purifier  of  the  materi- 
als'of  the  solid  crust  of  the  earth.  I  spoke  of  "pre-exist- 
ing rocks,"  from  which  the  pebble  had  been  broken  by  the 
violence  of  time.  These  have  been  purified  by  fire.  Every 
where  do  we  find  these  massive  crystalline  rocks  resting 
beneath  the  entire  series  of  those  which  have  been  accu- 
mulated in  the  form  of  sediments  from  water,  and  which 
have  buried  in  their  common  sepulchre  the  hordes  of 
earth's  pre-Adamite  existences.  These  foundation-granites  * 
are  bearing  upon  their  Atlantean  shoulders  the  weight  of 
twenty  miles  of  soHd  strata.  They  contain  no  organic  re- 
mains. The  granites  of  this  class  exhibit  no  evidence  of 
having  been  produced  from  sediments.  They  bear  the 
marks  oi  fire.  The  devouring  element  has  caused  their 
stubborn  sides  to  yield.  They  have  been  in  a  molten  con- 
dition.   You  may  take  a  fragment  and  fuse  it  in  a  furnaee, 
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nKnd,  on  Buffering  it  to  cool  under  circumstances  similar  to 
Bthose  in  which  the  rock  has  been  placed,  it  resumea  its 
Fxock-like  aspect.  Marks  of  heat  are  ali  about  these  gran- 
E^s  and  their  trappean  associates.  Wherever  they  have 
BSome  in  contact  with  rocks  of  sedimentary  origin,  the  lat- 
fcter  are  scorched  and  reddened.  In  many  cases  they  have 
rl)een  actually  fused.  A  sandstone  has  been  converted  into 
■■quartz;  a  shale  into  a  micaceous,  eemi-Ci-ystalline  bed;  a 
I  limestone  into  statuary  marble;  and  all  the  vestiges  of  liv- 
I.Jng  Ibrms  which  these  strata  inclosed  have  been  withered 
tup  and  dissipated  by  the  touch  of  fire, 
^  These  underlying  crystalline  masses  are  not  confined  to 
Kthe  deep-seated  regions  of  the  earth's  crust.  We  find  them 
Ethrusting  their  heads  up  through  the  ruptured  strata  which 
ftepose  upon  their  flanks.  Higher  even  than  the  highest 
KSummits  fonned  by  the  stratified  rocks,  these  foundation 

■  Biasses  rear  their  bold  granite  heads.  From  these  cold, 
raerene  altitudes  they  look  down  with  dignified  complacence^ 
f  flpon  the  fury  of  the  tempest  which  brings  consternation 
Ko  the  landscape  below,  but  fails  to  ascend  to  those  frigid, 
■breathless  summits  which  every  living  thing  has  equally 
Spiled  to  scale. 

H  Some  of  these  venerable  domes  were  reared  before  ever 
H  particle  of  sediment  had  been  produced,  or  even  the 
Jfr orld-embraci ng  sea  had  descended  fi'om  the  regions  of 
^gtace  around  the  earth.  From  their  high  stations  they 
^Bave  watched  the  procession  of  all  subsequent  events ;  and, 
Bvliilg  race  after  race  has  appeared  and  disappeared,  they 
Hiave  stood  calm  spectators,  unchanged  by  the  myriad  vi- 
^bissitudes  of  eternity.  Others  were  still  the  level  floor  of 
^nie  ocean  when  the  oldest  sediments  began  to  accumulate 
H|pan  them.  In  some  subsequent  age  a  mighty  force  has 
^Biaed  them  with  their  load  of  sediments  above  the  level  of 
^Be  sea.    The  tempests  of  succeeding  ages  have  partially 

^m- B_2 
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stripped  them  of  their  sedimentai-y  covenngs,  and  they 
stand  revealed  to  the  light  of  day.  In  other  cases  the  ten- 
sion of  the  upheaved  strata  has  caused  them  to  break  along 
the  ci'eat  of  a  new-formed  ridge.  A  chasni,  miles  in  depth, 
has  opened  down  to  the  molten  rock  below.  The  fiery  sea 
has  risen  to  the  lips  of  the  fissure,  and  even  escaped  in  a 
consuming  and  terrific  ovei-flow.  In  other  cases  such  an 
eruption  has  occurred  beneath  the  waters  of  the  sea,  and 
an  entire  oceanic  basin  has  been  converted  into  a  seething 
cauldron,  in  which  fish  and  oysters,  sea-urchins  and  lobsters, 
oorallines  and  aea-weeds,  have  been  cooked  together  in  a 
Titanian  dish  of  soup.  Entire  races  have  thus  been  ex- 
terminated ;  and,  when  the  elements  subsided  again  to  a 
quiet  condition,  the  waters  have  been  repeopled  with  count- 
less multitudes  of  beings  exactly  adapted  to  the  changed 
oircumstancea  of  the  earth — not  repetitions  of  the  forms 
just  exterminated,  but  original  conceptions,  new  ideas  from 
the  infinite  resources  of  Nature ;  and  yet  not  fundamen- 
tally different,  but  united  to  the  old  by  such  an  identity  of 
fundamental  plan  as  to  convince  us  that  the  Intelligence 
which  presided  in  the  former  epoch  survived  the  catastro- 
phes which  brought  death  to  all  terrestrial  existence,  and 
continued  to  prosecute  his  unchatiged  purp^s  through 
succeeding  epochs. 
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Thus  fire  and  water,  in  their  ever-varying  operations, 
have  been  the  principal  agencies  by  which  Nature  has 
vrrought  out  the  great  physical  results  upon  which  we 
gaze  with  a  familiarity  which  causes  us  to  forget  that  these 
safe  and  solid  foundations  on  which  we  build  citites,  and  to 
which  we  gain  a  title  with  hard-earned  gold,  are  but  the 
ruins  of  pre-existing  hills,  and  valleys,  and  plains,  in  which 
are  entombed  the  long-forgotten  relics  of  the  brute  nations 
which  preceded  us  in  the  possession  of  the  earth. 
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CHAPTER  IV. 

THE   SOLAR  SYSTEM  IN  A  BLAZE. 

AVING  made  a  reconnoissance  of  the  vast  field  which 
lies  before  the  geological  observer,  let  us  ascertain 
what  degree  of  interest  may  be  derived  from  a  more  atten- 
tive survey.  The  ordeal  by  fire  stands  first  in  the  order 
of  time.  We  go  back,  then,  to  the  molten  period  of  the 
earth.  We  plunge  into  the  depths  of  the  past  eternity, 
and  behold  the  terrestial  globe  glowing  with  a  fervent 
heat.  What  a  history  to  trace  from  that  point  of  time 
to  this  !  Continents  clothed  with  verdure,  and  diversified 
with  mountain,  hill,  and  dale — continents  spread  out  upon 
a  thousand  courses  of  solid  masonry — are  to  be  derived 
from  this  germinal,  incandescent  mass.  It  requires  an  un- 
usual effort  of  the  imagination  to  leap  from  the  scenes  of  a 
modem  landscape  to  an  adequate  conception  of  a  naked, 
tenantless,  and  molten  orb,  enveloped  in  an  atmosphere  of 
deadly  elements,  and  totally  unlike  the  present  earth  save 
in  its  spherical  form  and  its  yearly  journey  round  the  sun. 
To  the  eye  of  imagination,  the  forests  must  vanish  in 
smoke ;  the  "  cloud-capped  towers  and  gorgeous  palaces" 
of  man  must  crumMe  to  clay,  and  sand,  and  loam ;  man 
and  all  living  things  must  desert  the  earth,  and  leave  it  in 
the  motionless  and  stagnant  silence  of  death;  the  rivers 
must  dry  up  in  their  channels ;  the  ocean  must  change  to 
vapor,  and  flee  to  the  upper  limits  of  the  air ;  the  rock- 
ribbed  mountains  must  yield  to  the  melting  touch  of  fire ; 
and  the  rigid  crust  of  the  earth  must  dissolve  into  a  yield- 
ing and  obedient  fluid. 
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Can  we  place  ourselves  in  view  of  tlie  scenes  which  then 

pisted?    Creation  ia  in  its  incipient  stages.    The  long  line 

if  events,  whicli  is  to  end  in  the  installation  of  man  in  pos- 

iion  of  the  earth,  lies  before  us.     Methods  and  plans  are 

p  to  be  adopted  whose  carrying  out  is  to  be-ejttended 

Into  the  distant  future,  and  which  shall  coraprehend  and 

■ide  for  the  endless  variety  of  exigencies  which  are  to 

V  out  of  the  gradual  development  of  the  destined  order 

)f  things.    How  inadequate  would  be  a  human  intelligence 

>  an  occasion  like  this!     But  to  the  mind  of  the  Infinite 

bitelligence  the  whole  creation  already  existed,  and  not  a 

feature  of  the  original  plan  has  been  abandoned  In  the  long 

process  of  its  actualization. 

But  whence  the  state  of  things  which  we  are  proposing 

Dpictnre?    Was  this  the"teginning?"     In  truth,  we  are 

forced  to  admit  that  science  authoriKes  us  to  predicate  a 

molten  condition  of  the  globe  as  the  consequent  of  a  vsr 

)U8  one.     What  are  the  states  of  matter  hut  the  pro- 

t  of  temperature  and  pressure  ?    We  style  the  liquid 

the  natural  state  of  water,  because  that  is  its  ordinary  con- 

>dition  under  our  own  eyes.     But  where  the  naean  temper- 

■ikture  is  below  the  freezing-point,  the  solid  is  its  ordinary 

tate;  and  where  the  mean  temperature  rises  above  the 

^oiling-point,  the  gaseous  is  its  ordinary  slate.     To  nien 

pho  exist  {if  such  there  are)  where  the  climatic  tempera- 

e  never  rises  to  the  thawing-point,  water  is  known  only 

ice ;  it  is  quarried  as  a  rock ;  it  may  be  built  into  tem- 

i,  or  fortifications,  or  used  for  sidewalks.     Could  man 

it,  on   the   contrary,  where  the   climatic  temperature 

er  falls  below  the  boiling-point  of  water,  this  substance 

aid  only  be  kTiown  as  a  gas,  like  hydrogen  or  eai'bonic 

There  are  regions  where  water,  and  even  mercury, 

intaut  the  permanent  condition  of  solids,"    There  are  re- 

&  where  they  can  exist  only  as  vapor.    The  pressure- 


SKETCHES  OP  CREATION. 

remaining  constant,  the  form  of  these  bodies  depends  upon 
the  temperature.  Every  one  knows  that  the  same  is  trun 
of  sulphur,  and  zinc,  and  several  other  substances.  Science 
has  succeeded  in  changing  the  form  of  numerous  bodies 
HBually  i-egardcd  as  extremely  refraoloiy.  Copper,  gold, 
platinum,  and  the  other  metala  may  be  readily  fused.  The 
same  is  true  of  raany  rocks  aiid  minerals.  On  the  other 
hand,  several  gases  have  been  liquefied,  and  some,  like  car- 
bonic acid,  have  even  been  reduced  to  the  solid  state.  It 
would  seem  that,  if  the  appliances  of  science  were  aa  effect- 
ive as  those  which  we  know  that  Nature  wields,  every  rec- 
ognized substance  might  be  changed  at  pleasure  into  a 
solid,  a  liquid,  or  a  gas. 

What,  indeed,  are  we  to  learn  from  the  ejection  of  melt- 
ed rocks,  in  the  form  of  lava,  from  the  throats  of  volcanoes  P 
Must  we  not  conclude  that  somewhere  within  is  a  reservoir 
in  which  all  things  are  melted  tegether? 

And  what  is  to  forbid  our  assuming  that  the  history  of 
matter  has  proceeded,  from  the  remotest  epoch  to  which  we 
can  climb,  by  the  chain  of  cause  and  effect?  What  hinders 
ns  from  mounting  beyond  the  molten  to  the  gaseous  state 
of  the  world?  We  will  do  it.  We  venture  to  gaze  upon 
a  world  glowing  as  an  immensity  of  flame.  Matter  it  must 
be,  but  matter  in  its"  most  attenuated  condition.  Its  pre- 
eminent cliaracteristic  is  luminosity.    It  is  primeval  light. 

But  the  history  of  this  terrestiial  vapor' involves  the  his- 
tory of  the  other  planets.  Geology  has  become  cosmogony. 
We  behold  the  matter  of  the  solar  system — sun,  planets, 
and  satellites — but  one  vast  ocean  of  ignited  materials, 
swung  by  Omnipotence  in  mid-space,  with  other  oceans  of 
flaming  matter  gleaming  on  it,  from  every  direction,  across 
the  cold  intervals  of  infinite  space.* 

rials  of  the 
"In  tlie  begitinirig  God 


I  We  dare  go  no  farther;  we  can  go  no  farther.     If  s( 

Ince  leads  ns  here,  she  deserts  ns  at  this  point,  and  leavt'8 

d  ihe  hearen  nnd  the  earth ;  and  the  earth  vnu  wiihoiil  form,  Mnd 

These  interesting  atterances  will  he  further  considered  in  ntiollwr 

A  primordinl  iwiidiiioti  of  ihinga  seeros  lo  hnvo  been  n  fltvorlM 

iceplion  of  the  ancient  philosophers  and  poets.    What  a  consittoitl  plo* 

is  given  bj  Ovid  in  ibe  "Metiiinorphases:" 

"Ante,  mare  etleltas,  etqiiiu]  leKll  omnUna 
TJDDseratlotoNi  ~       ' 

Qdem  dliere  Ghaos;  rndlH  indlnostn 
Kec  qalrtqasn),  n<Bl  pondae  Inon:  «i 
Non  bono  Junctamm  aficordlii  semtt 
Nnllas  Bdhoo  mnnao  prKbobst  lomlna  TltAn; 
Noc  DOTS  creicenilii  repnrabat  GoniUk  Pbcsbo : 
Nee  Fircnmfneo  pondobal  tn  nin  teltna 
PonderibnalibrataBulii  nee braohlt lonjo 
Marglna  lerrarnm  porreierM  Asiptiltrllii, 
Qnaqne  ta\t  lellna,  lUlc  et  pontui  Bl  a»r : 
HIc  erat  InBtabllle  lellns,  InnBbllls  and*  g 
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U9  to  lean  only  oa  the  arm  of  Omnipotence.  Beyond  is 
only  God.  No  man  can  predicate  an  anterior  condition 
of  coamical  matter.  This  condition  is  neccsaarity  primor- 
dial. Ab  matter  could  not  have  remained  in  such  a  condi- 
tion— as  it  did  not  remain  in  sucli  a  condition — the  career 
of  matter  must  have  had  a  commencement.  Its  evolutibns 
are  not  from  eternity.  As  its  earliest  existence  involvcB 
an  evanescent  condition,  the  existence  of  matter  had  a  com- 
mencement. It  began  to  exist  only  when  it  began  to 
change.  Matter,  viewed  in  the  light  of  physical  laws 
alone,  can  not  be  pronounced  eternal.  Matter  is  the  ef- 
fect of  an  effiEient  cause  whose  existence  is  antecedent  to 
matter.  As  philosophy  utters  this  verdict,  how  harmoni- 
ously rise  the  voices  of  the  soul,  declaring  in  the  face  of 
Atheism  that  nothing  exists  except  as  an  effect — demand- 
ing that  matter  itself  he  remanded  to  the  causation  of  a 
creator.  And  ss  matter  proclaims  a  First  Cause,  having 
existence  in  itself.as  the  first  link  of  the  long  chain  of 
events,  so  the  soul  of  man  reveals  an  intuition  of  that  First 
Cause,  and  rests  satisfied  in  attributing  self-existence  to  a 
Supreme  Intelligence,  while  impelled  to  deny  it  to  every 
thing  else. 

The  beginning  of  this  history  does  not  stretch,  therefore, 
into  the  inscrutable  eternities.  We  discover  the  firm  Rock 
of  support  from  which  the  chain  of  existence  hangs.  It  is 
the  "Rock  of  Ages,"  We  feel  comforted  and  strengthened 
in  knowing  that  "in  the  beginning  God  treated." 

We  assert,  then,  that  evidence  exists  that  the  solar  sys- 
tem came  from  the  hand  of  the  Creator  in  the  state  of  ig- 
neous vapor.  Nor  does  the  assertion  predicate  a  condition 
of  cosmical  matter  that  ia  not,  even  to  this  day,  exemplified 
in  the  universe.  Is  not  the  sun  a  globe  of  fire-cloud,  with 
a  nueleua  of  molten  minerals  ?  And  does  not  the  spectro- 
scope declare  the  eomj>osition  of  the  sun  to  be  identical 
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with  that  of  the  earth  ?  And  what  is  the  substance  of  the 
flhny  coniet  that  sweeps  with  such  indecent  haste  through 
the  ranks  of  the  dignified  sisterhood  of  planets  ?  In  ita 
dazzling  proximity  to  tho  sun  at  perihelion,  it  can  only 
exist  as  a  fiery  vapor,  like  the  substance  it  seems  to  be. 
And  if  we  gaze  across  the  cold  and  starless  interval  which 
separates  our  firmament  of  etai's  from  its  nearest  neighbor, 
there  we  may  witness  a  universe  in  ita  formative  stage. 
There,  indeed,  are  firmaments  so  remote  that  the  eye  of 
the  telescope  is  strained  in  tho  attempt  to  descry  the  com- 
ponent stars;  but  nearer  to  our  domestic  earth  than  these 
are  the  materials  of  firmaments  which  remain  "rudis  indi- 
geataque  moles"— the  "  somina  rerum" — the  primordial  ig-, 
neons  vapor  from  which  worlds  are  destined  to  be  formed 
in  sMue  far  distant  future  age — so  distant,  probably,  that 
the  career  of  terrestrial  things  will  first  have  closed,  and 
mankind  will  have  been  ushered  into  another  state  of 
being.  Here  are  specimen  creations,  postponed  to  our  age 
in  the  lapse  of  eternity,  to  illustrate  befoi"e  our  eyes  the 
infancy  of  the  firmament  which  is  garnished  by  the  nightly 
splendors  of  Sirius  and  Orion.  As  the  gar*pike  among  an- 
imal creations  has  been  perpetuated  to  our  day,  to  recite 
the  tale  of  his  noble  ancestry,  bo  the  Feiitaerirms  of  the 
Caribbean  still  lives  to  declare  the  history  of  pre-Adamite 
creatures,  whose  mausoleum  is  a  cbntinent,  and  the  ruins 
of  whoso  handiwork  have  risen  in  mountain  piles. 

In  our  attempt  to  depict  the  history  of  this  immensity 
of  flame,  we  draw  iipon  the  splendid  deductions  of  Laplace, 
endorsed  by  the  genius  of  the  elder  Herschel,  and  first  fore- 
shadowed by  the  genius  of  Leibnitz  and  Kant.  There  is 
every  reason  to  believe  that  the  radiation  of  heat,  which  is 
taking  place  from  the  earth  and  all  the  planets  as  well  as 
the  sun  himself  in  our  own  day,  is  a  process  which  began 
on  the  morning  of  the  creation  of  matter.     The  rapid  losa 
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of  heat  whicli  the  cosmical  vapor  experienced  produced  a 
rapid  contractioH  in  volume.  Eveiy  particle  upon  the  pe- 
riphery and  through  the  interior  began  to  move  toward 
the  centre  of  gravity  of  the  mass.  It  is  barely  possible 
that  a  process  of  cooling  and  contraction  should  proceed 
in  Buch  a  mass  until  the  work  should  be  completed  and  no 
rotary  motion  be  generated.  Such  a  result  has,  however, 
in  the  existing  universe,  an  infinity  of  chances  against  it. 
There  were  always  other  masses  of  matter  within  our  fir- 
mament, and  others  far  beyond  its  limits,  which  exerted  an 
attraction  upon  the  mass  from  which  our  aolar  system  was 
to  be  engendered.  If  Sii-ius,  and  Capella,  and  Vega,  and 
all  the  other  fixed  stare,  or  aay  of  them,  be  suns  like  our 
own,  with  retinues  of  encircling  planets,  their  history  must 
be  analogous  to  that  of  oar  own  system,  and  we  are  to  re- 
gard thera  as  hanging  on  the  verge  of  the  firmament  when 
our  system  was  in  its  earliest  infancy.  Their  attractive 
influences  were  felt.  The  cosmical  vapor  which  might 
otherwise  have  been  perfectly  spherical  became  distorted 
in  its  form.  The  position  of  the  centre  of  gravity  was 
changed.  The  atoms,  in  their  progress  toward  the  centre 
of  gi-avity,  were  found  upon  lines  passing  to  one  side  of  the 
centre  of  gravity.  Each  began  to  exert  a  tangential  force. 
The  resultant  was  a  tangential  force.  It  was  as  if  a  power 
had  been  applied  at  the  surface  to  inaugurate  a  rotation  of 
the  mass.  A  rotation  once  inaugurated  in  a  shrinking 
globe  of  matter,  it  is  demonstrable  that  it  would  continue 
to  be  accelerated  as  long  as  the  mass  should  continue  to 
contract.  In  the  present  case  tlie  mass  assumed  the  form 
of  a  greatly  flattened  spheroid,  and  the  velocity  of  the  pe- 
ripheral portion  became  so  great  aa  to  overcome  the  power 
of  gravity.  As  a  consequence,  the  peripheral  portion  be- 
came detached  in  the  form  of  a  ring — as  water  is  thrown 
froM  a  rapidly  revolving  gi-indstono.    The  ring  continued 
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■its  rotation  about  the  mass  till  the  oscillations  to  which  it 
l%as  subjected  produced  a  rupture,  when  the  whole  mate- 
rial of  the  ring  gathered  itself  together  in  another  globe  of 
8  vapor  revolving  around  the  first. 
In  progi-ess  of  time  the  principal  masa,  under  the  influ- 
l-$nce  of  inevitable  refrigeration  and  acceleration  of  its  mo- 
"  tion,  threw  off  another  ring,  which,  on  rupturing,  became 
another  revolving  globe.     Fi-om  time  to  time  the  process 
was  repeated ;  and  a  series  of  globes  was  thus  left  at  vary- 
ing distances  from  the  centre  of  the  system.     These  globes 
L  became  the  planets,  and  the  residual  mass  is  the  sun.    We 
bpbme  into  existence,  and  gaze  upon  the  series  of  planets,  on 
P«ne  hand,  and  the  sun  upon  the  other,  and  thiTik,  because 
3  perceptible  change  transpires  in  a  generation  or  two, 
that  all  things  are  stable — that  creation  is  completed — that 
all  things  were  made  at  fii-st  as  we  see  them,  and  are  des- 
I  tined  bo  to  remain.     Vain  thought  I    The  movements  of 
F'lnatter  are  even  now  in  progress.    The  residual  mass — the 
B  still  cooling  and  shiiuking,  and  may  yet  throw  ofF 
iiOther  rings,  the  germs  of  other  planets  within  the  orbit  of 
Mercury — if,  indeed,  Lesoarbault  be  not  correct  in  assort- 
*  the  existence  already  of  an  intramercurial  planet. 
But  what  of  the  detached  globes  of  matter?   The  largest 
»«re  the  remoter,  being  formed  of  rings  detached  when  the 

■  parent  mass  was  largest.     Each  has  continued  to  revolve 
a  orbit  which  marks  the  periphery  of  the  parent  masa 

»t  the  time  of  the  planet's  separation.  All  continue  to  re- 
[  Tolve  in  the  same  direction  as  the  parent  mass  and  the  re- 
I  sultant  sun.  AH  revolve  very  nearly  in  tbe  plane  which 
l-jnust  always  have  been  the  plane  of  the  equator  ot  the 

■  mass — the  astronomical  ecliptic.  All  continue  to  revolve 
upon  their  own  axes  in  the  same  direction  as  required  by 
the  motion  of  the  parent  mass.  Can  all  these  tilings  be  so 
by  chance  1    Can  these  planetary  movements  thus  coitc- 
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Bpond,  and  tbe  material  constitution  of  all  these  bodies  be 
identical,  without  leaving  a  profound  convection  npon  our 
minds  that  they  have  had  a  common  origin  and  a  common 
history  ?  Such  queries  were  raised  by  Leibnitz  and  Kant 
npon  slenderer  data  than  we  possess.  Does  not  the  hy- 
potliesis  of  Laplace  rise  almost  to  a  demonstration? 

But  what,  again,  of  our  family  of  infant  planets  ?  Each 
sprang  forth  a  globe  of  igneous  vapor  like  their  common 
mother.  Each  began  to  repeat  the  process  of  cooling,  con- 
densation, and  accelerated  rotation.  In  the  cases  of  the 
larger,  the  cooling  had  not  reached  the  point  of  liquefac- 
tion before  the  rotation  had  become  sufficiently  f^)id  to 
detach  from  one  to  six  or  seven  rings,  which,  in  turn,  be- 
came satellites  revolving  about  their  planets.  The  larger 
planets  have  had  time  to  detach  the  greater  number  of 
rings.  Our  earth  threw  off  but  one,  and  became  too  rigid 
to  repeat  the  process.  Mars,  Venus,  and  Mercury — all 
smaller  than  tbe  earth — attained  the  rigid  condition  before 
their  acquired  velocity  bad  separated  the  periphery.  Their 
nights  are  consequently  unillumined  by  the  presence  of  a 
moon.  Saturn  not  only  threw  off  seven  rings  which  be- 
came satellites,  but  anotlier  also,  which  to  this  day  hangs 
poised  in  a  state  of  unstable  equilibrium — as  if  the  hand 
of  Omnipotence  had  steadied  it,  and  arrested  it  in  its  ca- 
reer, to  hold  it  np  to  the  gaze  of  intelligent  creatures,  to 
reveal  to  them  the  nature  of  events  which  transpired  be- 
fore their  arrival  upon  the  theatre  of  existence.  And  this 
ring  is  said  to  be  a  liquid — a  discovery  for  which  we  are 
indebted  to  the  analysis  of  an  eminent  American  scholar, 
but  one  which  lends  still  farther  corroboration  to  our  view 
of  the  genesis  of  worlds.* 
We  have  then,  preseiTcd  as  if  by  the  pafe  of  Providence, 
*  The  only  difficnlly  sriees  from  tbe  fact  that  the  liquid  ring  ia  not  self- 
lumiiioLia.     Bat  this  difficult^'  ia  not  insurmuuntable.     It  may  bo  aqueous. 
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existing  exempliflcatioas  of  all  the  main  phenomena  which 
have  attended  upon  the  evolutions  of  coamieal  matter  from, 
the  time  when  it  first  spi'aug  from  the  hands  of  its  Creator. 
The  cloud-like  comet;  the  "zodiacal  light;"  the  solar-pho- 
tosphere ;  the  irresolvable  nebnlie,  may  probably  be  re- 
garded as  examples  of  attenuated  luminous  matter  such  as 
our  theory  hypothecates.  Every  whirlpool  shows  how  I'o- 
tation  is  liable  to  be  epontaneoualy  genei-ated.  The  Satur- 
nian  ring  or  rings  illustrate  an  essential  phase  in  this  cos- 
mical  genesis;  their  liquid  condition  another.  The  body 
of  the  sun  is  a  mass  remaining  in  the  incandescent  state; 
while  ^e  planets  have  become  opaque,  because  smaller 
masses  of  matter  sooner  reach  the  point  of  total  refrigera- 
tion. The  moon  represents  a  state  of  refrigeration  which 
the  eartli  is  destined  to  attain  in  the  distant  future.  We 
may  thus  regard  the  yisible  universe  as  a  vast  museum 
in  which  Nature  has  preseiTed  for  our  inetruction  speci- 
mens illustrative  of  every  stage  in  the  embryology  of 
worlds. 

Will  it  be  asked  how  such  views  accord  with  our  theistic 
opinions  ?  I  reply,  perfectly.  It  has  become  a  kind  of 
fashion  in  certain  quarters  to  denounce  all  scientific  doc- 
trines to  which  the  much-abused  terra  "  development"  can 
be  applied ;  but  in  this  we  may  be  too  much  influenced 
by  "  the  fashion."  Leading  theologians — though  indeed 
Bcarcely  followers  of  the  leaders  in  physical  science — have 
heaped  opprobrium  on  the  "  nebular  hypothesis"  as  tending 
to  atheism.  The  patronage  of  this  hypothesis  by  the  au- 
thor of  the  "  Vestiges  of  Creation"  has  thrown  a  dark  sus- 
picion over  it;  but  the  cause  of  truth  will  be  best  promoted 
by  allowing  every  scientific  question  to  be  decided  on  its 
merits.  The  scientific  world  aa  a  whole  will  never  abandon 
a  position  because  denounced  by  the  theological  world— 
not  even  because  it  seems  to  be  in  conflict  with  sound  the- 
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tblogical  doctrine.     Scientific  evidence  is  of  such  a  nature 
■4ta  always  to  command  the  respect  and  the  assent  of  the 
fbulk  of  reasoning  men.     If  this  hypothesis  is  sustained  by 
iciaptiGc  evidence,  it  ia  the  duty  of  the  Christian  world  to 
mbrace  it  and  convert  it  to  their  own  uses.    To  do  other- 
s  to  eara  the  contempt  of  those  who  are  really  on  the 
idde  of  truth.     If  it  ia  not  sustained  by  scientific  evidence, 
t  behooves  the  Christian  world  to  overthrow  it  from  eci- 
mtific  data.    Such  data  ought  not  to  be  monopolized  by 
3cular  learning.     Science  belongs  peculiarly  to  Chnstian- 
Eity,  and  Christianity  is  in  duty  bound  to  assert  her  claim. 
^Jf  she  can  use  science  to  overthrow  a  false  and  dangerous 
■position,  she  is  derelict  to  neglect  the  opportunity;  and  all 
r  denunciation  wilt  not  atone  for  the  error. 
But  this  hypothesis,  whether  it  represent  the  true  history 
[pf  cosmical  matter  or  not,  has  no  tendency  to  remove  the 
Deity  from  creation.     This  has  been  admitted  by  Whewell, 
Buchanan,  and  all  others  who  have  been  crowded  to  a 
■response.     This  objection  is  founded  in  short-sightedness 
i|ind  a  failure  to  appreciate  the  case.     The  hypothesis  sinx- 
■ply  assumes  that  the  Creator  has  brought  worlds  into  ex- 
Bietence  by  the  use  of  second  canscs,  precisely  as  he  brings 
Ka  tree  into  existence.     Does  any  one  hesitate  to  admit  that 
n  oak  has  undergone  a  slow  and  regular  "  development" — 
Jipr  that  the  delta  of  the  Misaissippi  is  undei'going  "  devel- 
■opment"— or  that  the  cone  of  Vesuvius  ia  undergoing  "de- 
velopment?"    If  it  appear  to  intellects  of  the  loftiest  and 
ilroadest  grasp  that  the  Creator  has  evolved  the  solar  sys- 
a  according  to  a  method,  and  by  the  use  of  natural  laws, 
exactly  as  he  evolves  a  tree  fi'om  the  germ  in  the  seed, 
■■why  do  we  charge  atheism  in  the  one  ease  and  not  in  the 
[other?    The  only  difference  between  the  cases  is  that  the 
me  attributes  to  Deity  a  vaster  scope  of  intelligence  and 
»wer  than  the  other — and  in  doing  this  it  concedes  to 
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him  more  of  that  character  which  constitutes  him  God. 
In  short,  it  is  the  more  theistic  view  of  the  two. 

This  hypothesis  has  also  the  merit  of  dating  the  com- 
mencement of  the  evolutions  of  matter — which  to  some  ex- 
tent all  must  admit — ^back  to  the  very  point  beyond  which 
it  is  impossible  for  science  to  predicate  any  thing  except  to 
drop  the  universe  into  the  hands  of  a  First  Cause.  It 
places  science  in  the  position  where,  instead  of  suggesting 
a  query  or  doubt,  she  naturally,  and  inevitably,  and  cheer- 
fully pronounces  the  name  of  God. 


CHATTER  V. 
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^HATEVER  may  be  thought  of  the  evidence  bearing 
upon  the  queBtion  of  the  foiiuer  gaseous  condition 
r  world,  or  of  the  cntii-e  solar  system,  it  is  generally 
flitted  that  the  evidence  of  former  igneous  fluidity  ia 
""somewhat  conclusive.  This  is  a  doctrine  which  we  may 
regard  as  resting  on  legitimate  geological  data.  This  is  a 
condition  of  the  world  we  may  proceed  to  contemplate 
without  serious  misgivings.  Our  earth  was  once  a  self- 
luminous  star. 

At  the  temperature  which  would  fuse  the  mass  of  the 
rocks,  all  the  more  volatile  substances  could  only  exist  in 
the  form  of  an  elastic  vapor  surrounding  the  earth.  AIL 
the  carbon  in  the  world  must  have  existed  in  the  form  of 
carbonic  acid;  all  the  sulphur  as  sulphuroua  acid;  all  the 
chlorine  as  chlorhydric  acid ;  alt  the  water  as  an  invisible 
elastic  vapor,  extending  out  beyond  the  linfits  of  the  pres- 
ent atmosphere.  There  could  hence  be  upon  the  earth  no 
vegetation,  no  animals,  no  limestone,  no  salt,  no  gypsum, 
no  water.  All  that  we  now  behold  must  have  been  repre- 
sented by  a  glowing,  liquid  nucleus,  enveloped  in  a  dense 
atmosphere  of  burning  acrid  vapors.  This  orb,  by  the  im- 
mutable laws  of  physics,  must  have  revolved  upon  its  axis 
and  performed  its  revolutions  around  the  son.  The  sun 
and  moon  (if  the  latter  existed.)  must  have  raised  the  fieiy 
ocean  to  a  tidal  wave  which  rolled  around  the  globe — the 
a  action  which  has  continued  to  the  present  pe- 
|)d.     Tlicre  were  also  day  and  night.     The  sun  rose  in 
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the  moriniig,  and  scot  a  lurid  ray  through  the  dense,  re- 
i'ractivo  atmosphere,  and  at  night  sank  into  the  emote 
that  aBcended  from  a  burning  world.  The  morning  and  ■ 
evening  twilight  almost  met  each  other  in  the  midnight 
zenith,  so  high  and  eo  refi-active  was  the  heterogeneous  at- 
mosphere. But  there  was  no  need  of  twilight.  An  ocean 
of  fire  sent  up  to  the  nocturnal  heavens  a  glare  that  was 
more  fearful  than  the  poisoned  ray  of  the  feebly-shining 
sun.  Here  was  chaos.  Here  was  the  death  and  silence 
of  the  primeval  ages,  when  the  Uncreated  alone  looked 
on,  and  saw  order,  and  beauty,  and  life  gei-minating  in  the 
heart  of  universal  discord. 

In  obedience  to  the  law  of  thennal  equilibrium — a  law 
which  "undoubtedly  rose  into  being  with  the  birth  of  mat^ 
ter — the  high  temperature  of  the  earth  gradually  subsided 
through  radiation  into  external  space.  A  crystallization 
of  itie  least  fusible  elements  and  simple  compounds  events 
nally  took  place  in  the  superficial  portions  of  the  molten 
mass.  This  process  continued  till  a  crystalline  crust  had 
been  formed,  resting  npon  the  liquid  mass  which  still  con- 
stituted the  chief  bulk  of  the  globe. 

It  has  sometimes  been  objected  to  this  view  that  the 
solidified  materials  would  possess  superior  density,  and 
would,  accordingly,  sink  into  the  liquid  portions.  If  this 
were  so,  the  solidification  of  such  a  molten  mass  would 
either  commence  at  the  centre,  or  a  uniform  refrigeration 
would  proceed  till  the  whole  would  suddenly  be  consoli- 
dated. It  is  the  general  belief  that  the  central  portions 
of  the  earth  still  remain  in  a  molten  condition,  while  the 
habitable  exterior  is  but  a  comparatively  thin  crust.  [See 
Appendix,  Note  I.]  If  this  belief  is  well  founded,  the  first 
1  Bolidified  portions  did  not  descend  toward  the  centre. 
Moreover,  we  know  that,  in  the  case  of  water  and  several 
1  aubstances,  the  newly-solidified  parts  are  less  dense. 
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and  float  upon  the  liquid  portions.  This  apparent  excep- 
tion to  the  law  of  expansion  \>j  heat  is  accounted  for  by 
supposing  that,  when  the  molecnlea  of  a  Bolidifying  fluid 
arrange  themselvee  in  a  regular  crystalline  manner,  they 
inclose  certain  minute  spaces,  so  that  the  resulting  crystal 
is  a  little  more  bulky  than  .the  unarranged  molecules  from 
which  it  was  constructed.  And  this  may  be  the  case,  even 
though  a  cooler  temperatiu'e  has  caused  them  to  shrink 
into  closer  proximity  (for  they  are  never  in  contact)  than 
before  crystallization.  If  this  law  applies  to  the  refrigera- 
tion of  water,  type-metal,  iron,  and  other  substances,  we 
may  reasonably  infer  it  to  be  a  general  law  of  matter. 
We  should  expect,  then,  that  crystals  of  quartz  would 
float  upon  molten  quartz,  or  solid  trap  upon  molten  trap, 
just  as  solid  iron  floats  upon  molten  iron,  or  solid  ice  upon 
molten  ice.  We  have,  therefore,  not  only  evidences  of  the 
fact  of  a  forming  crust,  but  also  a  probable  means  of  ac- 
counting for  it 

•We  may  conclude,  then,  that  a  solid  film  began  to  form 
ovpr  the  surface  of  the  molten  sea.  But  the  earth  was 
even  then,  as  from  the  beginning,  obedient  to  the  law  of 
axial  rotation  ;  and  the  sun  and  moon  reached  forth,  with 
their  attractive  influences,  to  eolicit  the  mobile  rocks  into 
tidal  elevations.  A&  the  wave  pursued  the  moon  around 
the  earth,  it  daily  ruptured  the  forming  film,  and  only  a 
■wilderness  of  floating  fragments  remained,  strewn  over  the 
surface  of  the  fiery  abyss.  In  due  time,  however — let  us 
be  liberal  in  our  concessions  of  time — the  rocking  and  jos- 
tling fragments  became  pemianently  frozen  together,  as 
the  broken  ice  of  Arctic  seas,  after  being  worried  by  winds 
and  currents,  seizes  an  intei-val  of  calm  to  consolidate  into 
a  vast  and  rugged  floe.  So  the  rock-floe  of  this  fiery  ocean 
formed,  at  length,  a  bridge  of  rough  and  sturdy  strength. 
It  was  a  mixed  conglomerate  of  crystalline  fragments,  such 
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lae  we  now  witness  m  some  of  the  granites,  which  are  mix- 

■  turea  of  quartz,  feldspar,  and  mica ;  or  the  syenites,  which 
a  mixtures  of  quartz,  feldepar,  and  hornblende;  or  the 

^diorites,  which  are  mostly  mixtures  of  feldspar  and  hom- 
Kblende.  Or,  perchance,  the  solidification  took  place  under 
|>Bnch  circumstances  that  the  crystallization  was  more  ob- 
>,  aa  in  the  various  doleriCes,  which  every  one  admits 
I  to  have  been  bom  of  fire.  We  say  that  the  process  of  re- 
■iHgeration  must  have  resulted  in  such  rocks  as  these  ;  and 
:;urious  and  instructivG  fact,  that  when  we  turn  our 
K'Rtteiltion  to  an  examination  of  the  oldest  rocks,  we  find 
ft^ranites,  and  syenites,  and  diorites,  and  dolerites  resting 
J  where  we  expected  them,  underneath  the  rocks  that  came 

■  into  being  after  water  existed  upon  the  earth,  spreading 
^OQt  their  bases  in  every  direction,  and  constituting  the 
I  very  abutment  which  supports  the  lithological  pile.  We 
H'thus  trace  a  certain  succession  of  events  which  must  occur 
('  In  accordance  with  the  established  laws  of  physics,  and  find 

tes  of  sequents  confirmed  by  the  facts  of  the  rocks 
tthemselvcs.  Though  this  mode  of  reasoning  ia  not  in  the 
I. spirit  of  modem  natural  science,  it  must  always  lead  ua  to 
vthe  truth  if  we  reason  con-ectly.  Nevertheless,  it  is  sel- 
Jdom  the  case  that  we  are  justified  in  the  attempt  to  predi- 
kflate  the  phenomena  from  the  laws  which  involve  them,  as 
Viong  as  it  is  our  privilege  to  confirm  the  laws  by  a  study 
■of  the  phenomena.  In  the  present  instance,  the  history  of 
Ifloience  shows  that  the  laws  were  first  arrived  at  by  a  care- 
Jfiil  induction  from  facts;  and  the  little  deductive  reasoning 

n  which  we  have  indulged  is  but  tracing  the  thread  a  lit- 
I  tie  farther  back,  with  the  phenomenon  it  hangs  upon  all 
g'Ae  time  in  full  view. 

In  the  process  of  refrigeration  the  stiffening  crust  would 

jecome  too  large  for  the  nucleus  within.  This  would  nec- 
f  ffssarily  result  from  the  more  rapid  contraction  of  the  more 
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highly  heated  portions.  If  llie  solid  and  the  molten  por- 
tioEs  suffered  equal  losses  of  heat,  t!ie  molten,  by  shrink- 
ing the  most,  became  too  small  for  the  enveloping  crast. 
The   crust,  there-  ^ 

fore,  must    wrin- 
kle,   to    fit    the 
shrinking     nucle- 
us.     Thus    incip- 
ient    inequalitit 
of  the  sui'face  be- 
gan    to     appei 
These    wei 
germs    of 
tains  and  of 
tinents.     From  a 
new-born  wrinkle 
grew    the    lofty 
Cordillera. 

A  scene  of  tei--     ^'S-  !'■  I''™'  Sectinn  of  the  EarQi  In  primBYal  limeB. 
.  „  I  1 .      ■  a,  a,  0.  The  eurCacu  when  solldiflestiua  first  commenHd. 

niic  sublimity  ap-  b,  b,  b.  Wrinkles  developed  in  the  crnsC  by  the  eiirtuk- 

,  ,  age  oftbe  nuclBDS. 

proaches.    As  yet 

no  water  existed  upon  the  earth.  No  raiji  had  fallen  upon 
the  parched  and  biackoned  crust.  All  the  water  which 
now  fills  the  oceans,. and  the  rivers,  and  the  lakes — all 
which  saturates  the  atmosphere,  and  the  soil,  and  the 
rocks — -rested  then  upon  the  earth  as  an  arid,  eiastie,  in- 
visible vapor,  extending  an  unknown  distance  into  sur- 
rounding space.  This  vapor  was  not  cloudlike,  but  in- 
tensely hot  and  transparent.  It  was  a  gas,  like  the  steam 
just  issuing  from  the  escape-pipe  of  a  steam-boiler.  The 
time  had  now  arrived,  however,  when  the  remoter  regions 
to  which  this  aqueous  gas  extended  began  to  be  so  far  re- 
duced in  temperature  as  to  cause  condensation  to  begin — 
as  the  heat«d  steam,  rushing  from  the  locomotive,  soon 
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cools  into  a  cloud  of  visible  mist.  An  intelligence  located 
upon  our  earth  at  this  epoch  would  have  seen  the  dusky 
atmosphere  begin  to  thicken.  In  the  far-off  regions,  wisps 
of  vapor  crept  along  the  sky,  as  cirrhi  in  our  day  foretoken 
the  gathering  storm.  They  grew,  and  thickened,  and  dark- 
ened till  a  pall  of  impending  clouds  enwrapped  the  earth, 
and  the  light  of  sun,  and  moon,  and  star  was  shut  out  for 
a  geological  age. 

Particle  drew  particle  to  itself,  and  rain-drops  began  to 
precipitate  themselves  through  the  lower  strata  of  the  fer- 
vid atmosphere.  In  their  descent  they  were  scorched  to 
evaporation,  as  the  meteor's  light  vanishes  in  mid-heaven. 
The  vapors,  hurrying  back  to  the  bosom  of  the  cloud,  were 
again  sent  forth,  again  to  be  consumed.  At  length  they 
reached  the  fervid  crust,  but  only  to  be  exploded  into  va- 
-  por  and  driven  back  to  the  overburdened  cloud,  which  had 
an  ocean  to  transfer  to  the  earth.  The  clouds  poured  the 
ocean  continually  forth,  and  the  seething  crust  continually 
rejected  the  offering.  The  field  between  the  cloud  and 
the  earth  was  one  stupendous  scene  of  ebullition.* 

But  the  descent  of  rains  and  the  ascent  of  vapors  dis- 
turbed the  electricities  of  the  elements.  In  the  midst  of 
this  cosmical  contest  between  fire  and  water,  the  voices  of 
heaven's  artillery  were  heard.  Lightnings  darted  through 
the  Cimmerian  gloom,  and  world-convulsing  thunders  ech- 
oed through  the  universe. 

"  The  sky  is  changed !  and  such  a  change !    Oh,  night, 
And  storm  and  darkness!" 

*  Those  who  are  acquainted  with  Figuier's  interesting  works  will  note 
a  remarkable  correspondence  between  his  treatment  of  this  subject  and 
my  own.  It  is  but  justice,  therefore,  to  state  that  these  chapters  were 
drawn  up  long  before  the  work  of  Figuier  appeared.  This,  indeed,  has 
been  my  conception  of  these  primeval  scenes  since  1856;  and  it  was  in 
print  in  1 857. 
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CHAPTER  VI. 

OLD   OCEAN  COMMENCES   WORK. 

THOUSAND  years  of  storm  and  lightning  have 
passed,  and  the  primeval  tempest  is  drawmg  to  a  closa 
The  waters  are  now  permitted  to  rest  upon  the  surface. 
By  degrees  the  clouds  are  exhausted,  and  sunlight  filters 
through  the  thinned  envelope.  As  the  morning  of  another 
geological  epoch  dawns,  it  reveals  the  change  of  scena 
The  surface  which,  in  the  preceding  age,  was  scorched  and 
arid,  is  now  a  ^universal  sea  of  tepid  waters.  The  earliest 
ocean  enveloped  the  earth  on  every  hand.  A  few  isolated 
granite  summits  perhaps  protruded  above  the  watery 
waste.  Around  their  bases  careered  the  surges  which 
gnawed  at  their  foundations.  Geology  is  unable  to  aver 
that  any  of  them  survived  the  denudations  of  this  first  de- 
trital  period.  The  demands  of  nature  for  material  from 
which  to  lay  the  thick  and  massive  foundations  of  the 
stratified  pile  of  rocks  were  enormous,  and  it  is  probable 
that  whole  mountains  were  quarried  level  by  the  energies 
of  this  young,  fresh,  and  all-embracing  ocean.  Probably, 
however,  the  nuclei  of  some  of  our  oldest  mountain  masses, 
thougli  subsequently  elevated  to  their  present  altitudes, 
may  bo  regarded  as  the  remnants  of  the  granite  knobs 
that  roared  tlioir  frowning  and  angular  visages  above  the 
primordial  deep.  If  so,  the  erosion  of  the  waves  and  the 
battering  of  the  tempests  have  given  to  their  sides  and 
heads  a  smooth  and  bald  rotundity.  But  most,  if  not  all 
of  the  original  pinnacles  of  the  eartli's  crust  have  been  lev- 
eled to  the  water's  surface  and  spread  over  tlie  floor  of  the 
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ia.  To-day  wg  may  gather  up  the  fragments,  not  from 
the  bottom  of  the  sea,  but  raised  again  mountain  high,  or 
incorporated  info  the  fabric  of  new-built  continents!  Sub- 
lime ruins  !  What  are  the  marbles  of  Nineveh,  or  the  col- 
umns o£  the  Parthenon,  in  comparison  with  these  hoary 
relics  of  Nature's  primeval  structures  ? 

I  said  that  the  fury  of  the  waves  strewed  the  ocean's  bed 
L-with  the  ruins  of  these  ancient  islands.  This  is  no  fancy. 
I  The  demonstration  ia  before  our  eyes.  The  floor  of  the  sea 
s  first  foi-med  of  rocks  that  had  cooled  from  a  state  of 
•  fusion.  The  few  islands  that  existed  if  ere  but  exposed 
I  portions  of  this  floor.  The  debris  scattered  over  this  foun- 
1  datioa  would  be  arranged  in  layers,  as  water  always  ar- 
|ranges  its  sediments.  The  coarser  materials  would  be 
I  transported  by  the  more  powerful  action  and  deposited  in 
l-one  place;  the  finer  materials  would  be  carried  beyond  by 


Jie  feebler  agency,  and  deposited  in  a  remoter  region. 
»me  of  the  first-formed  strata  would  be  finer  and 
^hers  would  be  coarser;  but  all  must  be  composed  of  ma- 
!rialB  derived  from  the  pre-existing  rocks.  This  deduction 
!  again  corroborated  by  well-known  facts.  Every  where 
B  find  reposing  upon  the  ancient  igneous  floor  a  bed 
r  stratified  m.iterials  composed  of  the  same  constituent 
02 
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1,  minerals  as  the  rocka  they  rest  upon.  For  instance,  graiiko 
s  very  commonly  the  foundation  rock ;  hut  immediately 
)0n  this  repose  thick  beds  of  gneissoid  rocks.  Now 
^eisa,  like  granite,  is  composed  of  quartz,  feldspar,  and 
oica,  and  differs  only  in  this — that  tlie  constituesta  have 
n  broken  up,  assorted  by  water,  and  redeposited  in  reg- 
;  layers.     As  we  have  different  varieties  of  granitoid 

■  rocks,  ao  we  have  corresponding  varieties  of  gneissoid 
I  rocks,  differing  from_  the  former  only  in  being  stratified. 
I'So  general  and  so  well  recognized  ia  this  phenomenon,  that 

r  Roderick  I,  Murchison,  an  eminent  geological  author- 
l-itj,  designates  these  lower  strata  beds  of  "  fundamental 
Igneifis."    This  occurrence  of  gneiss,  eveiy  where  repos- 
ing upon  granite,  is  a  most  interesting  ar.d  instructive 
feet,  and  confirms  all  that  I  have  said  of  the  denudation 
f  the  primitive  islands,  and  the  universality  of  the  primi- 

But,  though  gneiaa  is  generally  the  foundation  stratum, 
J  abundance  of  other  rocka  either  reposing  upon  the 
,  or  interstratified  with  it  in  the  lower  portions  of  the 
[■sedimentary  series.  Undoubtedly  some  of  these  have  re- 
■■BUlted  from  the  impalpable  powder  to  which  long-contin- 
d  attrition  reduced  some  portions  of  the  primitive  gran- 
;,  transported  to  the  remotest  and  quietest  portions  of 
e  ocean,  and  there  allowed  to  subside.  But  we  know 
l  also  that  others  of  the  oldeat  strata  asaociated  with  the 
['gneisses  have  been  the  results  of  chemical  agencies.  This 
Lis  one  of  the  revelations  of  modern  chemical  geology, which 
ne  has  more  adorned  than  that  of  Dr.  T.  Sterry  Hunt, 
^of  the  Geological  Commiasion  of  the  Dominion  of  Canada. 
l-Acoording  to  Hunt  and  Logan,  the  limestones  of  this  early 

■  period  could  have  had  no  otiier  than  a  chemical  origin. 
•Common  limestone  is  compoaed,  as  every  one  knows,  of 
learboaic  acid  and  lime.     Heat,  as  the  mannfacturer  of  lime 
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■illuBtratea,  estpels  the  carbonic  acid  in  the  form  of  a  gas. 
|i  Under  the  high  temperatures  of  the  earliest  periods,  there- 
ftrfbre,  limestone  could  not  exist.  It  has  already  been  stated 
J.that  all  the  carbon,  sulphur,  and  cbloriue  in  existence  must, 
^n  those  periods,  have  been  represented  by  carbonic  (CO^), 
Kenlphuiic  (SO^),  and  chlorhydric  (HCl)  acids,  existing  in  a 
I'VoIatile  state,  mingled  with  the  other  gaseous  constituents 
B^the  atmosphere.  At  the  same  time,  all  the  silica  of  the 
kglobe,  playing  the  part  of  an  acid,  would  unite  with  the 
■fixed  elements,  pro ducin|^  silicates  of  complex  constitution 
1— just  such  silicates  as  we  actually  find  entering  into  the 
[Structure  of  the  oldest  portions  of  the  earth's  crust.  The 
•first  rains  which  descended  would  be  charged  with  the  at- 

■  mospheric  acids  just  mentioned,  which,  attacking  the  solid 
K^icates  at  a  high  temperatorc,  would,  as  the  analytical 
Jchemist  knows,  produce  reactions  resulting  in  the  chlorids 
l.of  calcium  (ClCa),  magnesium  {ClMg),and  sodium  (ClNa), 

■  miuiiled  with  the  sulphates  of  these  bases  (SO'KO, 
ESO^NaO,  SO^CaO,  SO^MgO).  The  liberated  silica  (Si'O^) 
Bwould  separate,  and  would  be  chemically  precipitated  dur- 
Emg  the  subsequent  cooling  of  the  waters,  and  would  thus 
■give  rise  to  the  enormous  beds  of  quartz  which  we  actually 
Bfind  among  the  very  oldest  strata,  but  nowhere  else. 

I  Among  the  other  silicates  originally  formed  is  a  family 
Kof  minerals  known  as  feldspars — very  abundant,  and  con- 
Biuning,  besides  alumina,  large  percentages  of  either  potash, 
Kpda,  lime,  or  lithia,  or  two  of  these  alkalies  together.  The 
^■eoomposition  of  these  feldspars — especially  orthoclaae,  or 
Kotash-feldspar  (Si^O^APO'KO)— must  have  taken  place  on 
Kui  extensive  scale.  The  result  would  be  a  clayey  hydrate, 
mjialled  kaolin  (Si^O^APO')  when  pure,  which  became  the 
Bbasis  of  many  clays  and  other  argillaceous  rocks  like  graph- 
Uo  and  roofing  slates.  The  remainder  of  the  orthoclase 
fcwould  be  in  the  form  of  silicates  of  potash  (Si=O^KO\  asA 
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t,  which  would  remain  in  solution  in  the  sea.     But  the 
Iftrbonio  acid  of  the  atmosphere,  having  a  more  powerful 
Inity  for  these  alkalies  than  the  silica,  would  wrest  them 
hom  combination  with  the  silica,  as  already  stated,  and 
would  form    carbonates    of  potash   (CO^KO)   and   soda 
jDO^NaO),  while  the  silica  would  be  added  to  the  quartz- 
B  rocks  of  the  globe.     These  carbonates,  whether  formed 
S  the  ocean  or  on  the  hill-aides,  would,  when  transported 
fo'  the  ocean,  find  themselves  confronted  with  chlorid  of 
alcium  (ClCa),  and  probably  otlftr  ehlorids.     Chlorid  of 
^cium,  carbonate  of  potash  (CO^KO),  and  carbonate  of 
1  (CO^NaO),  brought  face  to  face,  would  immediately 
fcterinto  aiTangements  for  an  exchange  of  partners,    Car- 
^nie  acid  (CO^)  would  incontinently  abandon  potash  (KO) 
d  soda  (NaO),  and  betake  itself  to  calcium  (Ca),  changing 
a  name,  by  the  aid  of  a  little  oxygen,  to  "  lime"  (CaO), 
Bid  forming  a  nnion  known  as  carbonate  of  lime  (CO'^CaO). 
STith  equal  celerity,  chlorine  (CI),  dispossessed  of  its  cal- 
num  (Ca),  would  compensate  itself  by  seizing  upon  potash 
TlO)  and  soda  (NaO),  and,  after  eliminating  the  oxygen 
p)  in  their  constitution,  would  unite  with  potassium  and 
■dium,  forming  chlorid  of  potassium  (CIK)  and  chlorid 
ysodium  (ClNa).    Thus  all  parties  would  be  better  satis- 
1  and  each  would  abide  in  its  appropriate  place.     Car- 
mate  of  lime  (CO^CaO)  refusing,  for  the  greater  part,  to 
B  d  ssol  ed  in  sea-water,  would  settle  to  the  bottom  and 
fcome  1  mestone ;  while  chlorid  of  sodium  (ClNa) — which 
I  only  the  chemist's  name  for  "  common  salt" — remained 
^  solution,  and  thus  gave  its  characteristic  salinity  to  the 
Chlorid  of  potassium  (CIK)  also  continues  to  exist  in 
a-water  in  smaller  quantity. 
\  The  diagram  on  the  following  page  ts  intended  to  repre- 
Bit  to  the  eye  the  chemical  reactions  above  described, 
symbols  are  familiar  to  the  chemical  reader ;  bnt  they 
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will  be  rendered  intelligible  to  all  by  the  explanations  in 
the  text. 

There  seems  to  be  but  little  poetry  in  the  attempt  to  un- 
ravel the  thread  of  chemical  reactions  which  followed  each 
other  upon  the  earth  in  those  dim  and  twilight  ages ;  but 
it  is  certainly  an  inspiring  development  of  late  researches 
that  the  sceptre  which  chemistry  sways  over  the  modem 
world  is  the  same  which  she  wielded  over  the  mute  atoms 
of  the  forming  crust. 

It  appears,  from  what  has  been  suggested,  that  a  portion 
of  those  ancient  strata  originated  from  sediments  mechan- 
ically deposited,  and  another  portion  from  chemical  precip- 
itates thrown  down  while  the  elements  were  adjusting 
themselves  according  to  their  strongest  affinities. 

The  reader  should  not  imagine  that  the  proofs  of  these 
things  are  afar  off.  They  lie  within  the  scope  of  his  own 
observation  and  verification.  If  you  can  not  gaze  upon 
the  frowning  summit  of  Katahdin,  or  the  dark  and  lichen- 
covered  sides  of  the  Adirondacs,  nor  the  upturned  piles  of 
stony  lumber  which  make  the  ridges  of  the  Appalachians, 
nor  the  acres  of  rocky  floor  torn  up  for  your  inspection 
along  the  shores  of  the  upper  lakes,  examine  some  of  the 
specimens  which  Nature  has  brought  from  those  northern 
regions  to  your  very  doors.  Scattered  over  your  fields 
may  be  found  fragments  of  the  underlying  unstratified 
granite  and  sienite,  diorite  and  dolerite.  Here,  too,  are 
fragments  of  rocks  formed  of  the  same  constituents  as 
these,  but  under  a  stratified  arrangement.  The  most 
striking  of  these  are  the  gneisses,  where  the  various  col- 
ored minerals  set  forth  the  stratification  with  distinctness. 
These  came  from  the  thick  beds  resting  upon  the  crystal- 
line foundation  of  the  earth's  crust.  They  are  the  ruins — 
a  second  time  ruined — of  some  ancient  rocky  shore  which 
the  fury  of  the  elements  has  reduced  to  sand.    Here  are 


I  .liDulderB  of  qtiartz,  liberated  from  itn  ancient  combina- 
tions and  precipitated  in  tliu  botloui  of  ttie  sea.  II<.>re  am 
boulders  of  gandstoDe — vitreous,  half-fused  sandstone — 
better  kiiowii  as  "  hai-d-headB,"  which  consist  of  grains  of 
quartz  produced  by  tlie  grinding  up  of  some  mon;  ancient 
z  rock.  These  grains  Ijave  been  ngaiu  cemontcd  to- 
jether,  and  a  convulsion  of  Nature  has  sent  them  a  second 
e  vagrants  over  the  surface  of  the  earth.  Ilere,  too,  arc 
ragments  of  those  ancient  marbles,  precipitated  at  the  time 
n  the  partners  of  the  ancient  chlorides  and  carbonates 
led  new  copartnerships  for  life.  Tliese  all,  rounded 
aid  battered  by  long  travel,  have  come  from  their  ancient 
s  in  those  northern  regions  where  our  continent  first 
raised  its  head  to  ecowl  defiance  at  the  supremacy  of  tem- 
t  and  flood.  They  constitute,  with  numberless  speci- 
mens of  rocks  of  every  other  age,  a  grand  museum,  where 
J  student  of  Nature  may  roam  and  study  at  his  pleas- 


lie  chemical  reactions,  and  precipitations,  and  sediments 

accumulations  to  which  I  have  referred  esteuded  over 

immense  interval  of  time.    During  this  long  period  ma- 

irials  accumulated  at  the  bottom  of  the  sea  to  the  thick- 

of  more  than  twenty-five  thousand  feet.    Their  geo- 

Lphical  extetit  corresponded  with  that  of  the  primeval 

We  find  these  rocks  on  every  side  of  the  globe,  per- 

id  here  and  there  by  the  original  granitic  summits, 

1  serve  to  point  out  to  us  the  sites  of  the  oldest  isl- 

ids.     For  our  knowledge  of  the  vast  thickness  of  these 

ler  strata,  their  composition,  and  their  wide  American 

istribution,  wc  are  indebted  to  Sir  William  Logan  and 

associates  of  the  Gtcological  Commission  of  Canada. 

ir  William  has  ascertained  that  this  stupendous  pile  of 

itrata  is  properly  divisible  into  two  great  systems,  the 

of  which  lie  styles  the  "  Laurentian,"  from  the  great 
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river  along  whose  valley  they  have  been  'studied,  while  the 
upper  is  denominated  the  "Huronian,"  from  the  lake  upon 
whose  northern  shores  the  upper  members  of  the  series  are 
so  finely  exposed.  The  iron-bearing  rocks  of  the  northern 
peninsula  of  Michigan  belong  to  the  Huronian  system,  as 
well  as  those  of  Southeastern^ Missouri  and  Northern  New 
York. 


CHAPTER  VIL 


A    KAY    OF    LIFE 


\URING  the  progreaa  of  that  primeval  age  which  wit- 

nessed  the  war  of  elements  that  I  have   already 

tetched,  there  was  little  opportunity  for  the  unfolding 

f  organic  existence.     The  atmosphere  was  unfit  for  reapi- 

(»tion ;  and  the  waters,  if  not  too  highly  heated,  were  nev- 

rthelesB  charged  with  impurities  destructive  to  both  veg- 

Btable  and  aDimal  life.     It  was  a  dreary  and  monotonous 

i,  with  nothing  of  that  which  now  beautifies  and  diver- 

es  the  face  of  nature.     The  same  sunlight  fell  upon  the 

iheaTiiig  watere  of  that  tenantless  and  gloomy  sea,  and  the 

B  tide-wave  performed  its  everlasting  circuit  round  the 

jglobe.     There  was  little  diversity  of  weather  or  climate. 

3  continents  and  mountaiQ  ridges,  which  give  birth  to 

Keanic  and  atmospheric  currents,  had  not  yet  appeared 

libove  the  wave.     But  tliei-e  must  have  been  a  succession 

f  seasons.     The  winter's  sun,  as  now,  went  early  to  his 

luch,  and  his  tardy  rising  belated  the  December  morn- 

His  unequal  favora  to  the  different  latitudes  necos- 

gfitated  the  trade  winds  and  the  great  equalizing  currents 

f  the  ocean.     The  higher  density  of  the  primeval  atmoa- 

j^here  rendered  it  more  retentive  of  the  solar  heat,  and 

Jlus  contributed  greatly  to  diminish  the  rate  of  terrestrial 

■pooling  by  radiation  into  space.    Evaporation  proceeded 

ipt  a  rapid  rate,  and  condenaation  and  precipitation  were 

toorrespondingly  copious.     It  was  probably  a  stormy  pe- 

a^iod,  lite  the  showery  season  which  succeeds  the  protract- 

Md  storm  of  the  vernal  equinox. 
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It  woulil  seem  almost  inevitable  that  tlie  temperature 
and  constitution  of  the  pnmcval  sea  should  be  incompati- 
ble equally  with  vegetable  and  animal  life.  It  is  true  that 
both  plants  and  animals  are  now  known  to  flourish  under 
conditions  of  beat  and  cold,  and  chemistry,  which  are  en- 
tirely at  variance  with  the  general  notions  of  organic 
adaptability.  Certain  plants,  for  instance,  are  reported  as 
flourishing  in  the  boiling  geysers  of  Iceland  and  the  hot 
springs  of  California,  Otliei-s  make  their  habitat  npon  the 
snows  of  Greenland,  and  impart  the  ruddy  glow  of  wannth 
even  in  the  undisputed  empire  of  frost.  The  geims  of  veg- 
etable, and  even  of  animal  life,  populate  every  element  and 
every  locality;  and  only  a  temperature  of  some  hundreds 
of  degrees  suffices  to  rid  a  flnid  exposed  to  the  air  of  all 
the  vitalized  germs  that  inhabit  it.  The  egg  of  an  insect, 
stuck  in  the  crevice  of  the  bark  of  an  apple-tree,  endures 
the  rigors  of  a  Canadian  winter;  and  the  organized  chrys- 
alis seems,  in  many  cases,  to  possess  equal  powers  of  re- 
sisting cold.  It  is  unsafe,  then,  to  attempt  to  determine 
at  what  epoch  the  waters  of  the  primeval  sea  became  suf- 
ficiently cooled  and  purified  to  receive  -ihe  first  organic 
forms.  There  was,  in  all  probability,  an  earliest  epoch 
that  was  completely  destitute  of  organic  forms.  But,  to 
ascertain  its  beginning  and  ite  end,  Geology  must  yet  ap- 
ply hereelf  to  a  closer  study  of  the  monuments  of  the 
gneissic  age. 

Reasoning  deductively,  it  is  equally  presumable  that 
vegetable  life  preceded  animal  life  in  order  of  appearance. 
Vegetable  life  is  capable  of  enduring  more  extreme  condi- 
tions. Vegetation  could  bettor  tolerate  the  excess  of  car- 
bonic acid  in  the  atmosphere  and  the  waters.  Vegetation, 
moreover,  is  capable  of  drawing  its  sustenance  from  the 
mineral  world,  while  animals  rely  exclusively  upon  organ- 
ic food.     The  vegetable  stands  between  the  animal  and 


A    RAY   OF  LIFE.  6^ 

[he  mineral,  performing  a  sort  of  commissary  function  in 

Jehalf  of  the  animal.     The  animal — even  the  carnivorous 

Fanimal — implies  the   vegetable — requires   the   vegetable 

I.AII  things  conaidered,  we  are  led  to  believe  that  plant  life 

Kbad  a  history  upon  our  earth  a  full  epoch  before  the  exist- 

e  of  the  lowest  animals.     There  must  have  been  a  real 

Lzoic  Age.    This  deductive  conclusion  receives  some  sup- 

t  from  inductive  data.     Petroleum,  when  existing  in  a 

itate  of  wide  or  general  distribution  through  a  formation, 

B  found  to  be  traceable  to  vegetable  organisms,  generaUy 

Marine  plants,  that  have  been  reduced  to  a  pulp  and  miu- 

3  with  argillaceous  mud  before  deposition.     Petroleum 

B  thus  found  in  every  formation,  from  the  very  latest  down 

0  the  primeval  gneiss.     The  actual  presence  of  petroleum 

1  gneissie  strata  affords  a  material  prop  to  the  doctrine 
tfpnezoic  vegetation — a  doctrine  of  no  inconsiderable  im- 
lortance  in  establishing  the  harmony  of  the  Mosaic  and 
jeologic  records. 

t  a  few  months  since  geologists  were  equally  ignorant 

f  the  existence  of  vegetable  and  animal  remains  thi-ough 

e  entire  series  cf  Laurentian  and  Huronian  strata,  unless, 

erchance,the  so-called  "Cambrian"  rocks  oftbeOldWorld 

a  of  the  same  age  as  tlie  Huronian — a  conclusion  which 

eminent  geologist,  Dr.  Bigsby,  disinclines  to  accept. 

legists,  it  is  true,  drew  the  same  inferences  as  now 

1  the  same  data  in  reference  to  the  existence  of  vegc- 

1  organization;  but  no  actual  or  recognizable  remains 

i  been  found,  nor  have  they  to  this  day.     Greatly  to 

3  astonishment  of  the  whole  geological  world,  however, 

She  abundant  remains  of  animals  have  been  di^iovered  in 

Strata  which  long  antedate  the  most  ancient  in  which  a 

fcegetable   form  has  been  descried.     It  was  not  by  any 

|ieans  a  rich  fauna,  but  a  single  species,  which  populated 

B  sea  even  in  the  Laurentian  period.     The-  faint  tracery 


f  its  structure  can  be  deciphered  in  thin,  polished  sections 
f  Laurent  inn  limestones  and  sei-pentines,  when  carefully 
Eamined  under  the  microscope.     These  beings  have  been 
jptombed  in  Canadian  soil,  and  we  have  again  to  thank 
B  energy  and  ability  of  tbe  Canadian  geologists  for  this 
modem  revelation.     The  microscopic  examinations  have 
sen  chiefly  made  by  Dr.  Dawson,  of  Montreal,  and  have 
)en  fiiUy  corroborated  by  Dr.  Cai'penter,  of  London,  En- 
gland. 

r-As  might  be  expected,  this  being  belongs  in  the  very 
west  rank  of  God's  creatures.    It  is  classed  with  the  Fo- 
ninifera,  in  the  group  of  Protozoa,    It  was  related  to  the 
mmulite,  whose  skeletons  bave  contributed  so  largely 
>  the  material  of  the  Pyramids — monuments  which  per- 
petuate t]^  memory  equally  of  nummulites  and  Egyptian 
monarchs.    It  was  related,  also,  to  the  little  disc-like  forms 
tailed  Orbitoicles,  so  abundant  iu  tbe  white  limestone  of 
ihe  southern  portion  of  the  "Gulf  States,"   Indeed,  the  kin- 
d  of  this  primeval  forerunner  of  animal  forms  have  been 
permitted  to  maintain  existence  in  all  seas,  and  in  all  ages, 
lown  to  the  present  day.    The  type  came  upon  tbe  earth 
Jrhen   nothing   could  dispute   its  pre-eminence.    It  has 
■aimed  a  place  among  the  ranks  of  liigber  animals  in  the 
IBcending  series,  and  does  not  shrink  even  from  the  face 
f  man.    Nay,  the  type  maintains  a  foothold  in  tlie  stag- 
^nt  pools  that  gather  upon  the  surfiice  of  tbe  land,  where 
1  asserts  peculiar  supremacy.    It  demands  our  rever- 
mce  for  its  antiquity.    Let  us  pay  it  our  respects. 
■  Gazing  through  the  microscope  into  a  drop  of  water 
rom  some  standing  pool,  our  attention  would  scarcely  be 
iwrestedby  the  sight  of  a  little  shapeless  lump,  which  is  as 
(oft,  and  jelly-like,  and  inanimate,  to  all  appearance,  as  any 
I  can  be.     But  this  is  our  Protozoan.     It  may  be  the 
Kcies  upon  which  science  has  imposed  the  name  AmoAa. 
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princ^,  preserving  the  same  gravity  at  the  christening 
as  if  she  had  been  naming  a  gorilla  or  a  human  animal,  so 
impartial  is  science.  We  continue  to  gaze  at  our  Amoeba, 
and  presently  a  little  filament  is  extended  like  an  arm, 
and  perhaps  immediately  withdrawn.  Soon  a  similar  arm 
Btretchea  forth  in  another  position,  and  then  another.  Per- 
haps half  a  dozen  arms  extend  themselvea  at  once  fi-om  dif- 


F]g.  18.  AnuBba  FrlDcepa,  In  different  foi 


ferent  aides,  some  long,  some  short,  gome  thick,  some  thin. 
They  shorten  themselves,  or  entirely  disappear,  according 
to  some  inexplicable  caprice.  Now  we  discover  the  object 
of  their  movements.  They  are  feeling  for  food;  the  Amcs- 
ba  is  in  search  of  his  breakfast.  As  soon  as  a  nutritive 
particle  is  touched,  it  is  seized  by  one  of  these  arms  and 
introduced  into  the — mouth,  do  you  say?  No,  indeed; 
the  animal  has  no-mouth.  The  food,  however,  gets  inside 
by  some  means,  and  you  may  behold  it  there.  It  lies  im- 
bedded in  the  midst  of  the  little  lump  of  jelly.     There  is 
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tt  Btomach,  no  liver,  no  heart,  no  breathing  organ,  no  headj 
0  feet — in  short,  this  animal  ie  destitute  of  oi-gans,  except 
B  it  employs  the  whole  body  for  every  purpose.  When- 
iver  it  seizes  its  food  it  extenaporizes  an  arm  for  the  work, 
Tienever  it  eats  it  must  extemporize  a  mouth.  When- 
ever it  digests  it  must  extemporize  a  stomach.  It  seizes, 
it  eats,  it  digests,  it  breathes  with  the  whole  body.  There 
are  few  animals,  indeed,  so  utterly  destitute  of  differentia- 
tion of  the  parts  of  the  body.  There  is  not  the  least  divis- 
ion of  labor.  It  symbolizes  primeval  society,  in  which  every 
man  does  every  thing  that  is  done  in  the  community. 

Our  Laurentian  protozoan  was  as  poorly  furnished  and 
as  badly  organized  a  being  as  this.  But  he  possessed 
great  advantages  in  point  of  size,  and  was,  moreover,  fur- 
nished with  a  stony  armor — a  wise  provision,  as  one  would 
think,  for  a  creature  that  must  buffet  the  storms  which  pul- 
verized mountains,  and  defy  the  chemistry  that  dissolved 
^ranita  It  only  remains  to  effect  the  formal  introduction 
to  the  reader.  His  name  is  JEozoQn  Oanadense,  [See  Ap- 
pendix, Note  H.] 

I  said  that  the  burial-place  of  this  most  venerable  deni- 
zen of  our  planet  was  among  the  Laurentian  rocks  of  Can- 
-  ada.  Strange  as  it  may  appear,  no  vestige  of  animal  or- 
ganization lias  as  yet  been  found  among  the  overlying  Hu- 
ronian  strata.  It  can  not^>e  doubted  that  life  still  contin- 
ued upon  the  earth.  It  is  possible  that  some  of  the  most 
ancient  forms  of  the  Old  World  flonrished  during  this  age. 
Indeed,  they  herald  the  name  of  an  EozOon  from  Bohemia, 
and  still  another  from  the  Emerald  Isle.  It  seems  certain 
that  the  latter  had  no  contemporary  and  no  rival  for  su- 
premacy. He  certainly  was  the  first  of  the  Fenians.  But 
in  America,  so  far  as  actual  discovery  goes,  life  touched 
the  earth  at  a  single  point,  and  vanished  again  from  view. 
Tliis  dawn  of  annual  life  was  like  the  fii-st  gleam  of  sun- 
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■  light  that  etole  ttrongh  a  rift  in  the  clouds  of  the  primeval 

t,  destined  to  be  closed  out  again  for  a  geologic  age. 

This  enormous  interval  of  time,  down  to  the  close  of  the 

Hnronian,  relieved  of  its  absolute  sterility  of  life  by  only 

gle  epeciea  certainly  known,  we  designate  as  Eozoic 


"The  curtain  falls,  and  the  scene  is  changed,"    The 
:,  now  becoming  too  large  for  the  ever-shrinking  uu- 
leu8,  settles  down  to  a  closer  fitting  around  it.     The  en- 
i,  of  course,  must  wrinkle,  and  the  wrinkles  must  pro- 
Tide  their  ridges,  in  some  cases,  above  the  waters.     The 
itorizontality  of  the  primeval  strata  is  thus  broken.     In 
I  instances  they  are  burst  asunder,  and  the  molten 
aite  is  poured  out  through  the  fissure.     In  other  cases 
back  is  simply  elevated  a  moderate  distance  above 
•\  of  the  sea.     Weary  of  his  old  position,  the  giant, 
a  adjusting  himself  in  his  new  one,  leaves  his  elbows  pro- 
Tiding,     Indeed,  if  we  may  extend  this  ugly  figure,  he 
3  represented  aa  settling  himself  with  an  entire  aim 
cotmding  above  the  waters  which  swept  over  North 
merica.     Beginning  at  the  coast  of  Labrador,  the  arm — 
icient  ridge  of  land — extends  southwest  to  the  north 
ihore  of  Lake  Huron.     Here  is  the  elbow.     The  fore-arm 
i  hand  extend  thence  northwesterly  toward  the  Arctic 
ean.     So  it  seems  to  be  an  arrangement  of  Nature  that 
ohnny  Bull"  shall  continue  to  thrust  his  elbows  into  the 
»des  of  Young  America  1     We  acquiesce,  for  the  present, 
s  arrangement.    Meanwhile,  other  spirits  will  be  sum- 
moned from  the  "vasty  deep,"  and  teeming  life  will  appear 
n  the  stage  in  the  next  act  of  the  drama. 


THE  FROXT  OF  TEE  PBOCESSIO^'  OF  LIFE.      J3 


CHAPTER  Vm 

THE   PEOST  OF  THE    PEOCESSIOS    OP   LIFE. 

rr^HE  spirits  have  come  forth.    The  life-giving  affi^tas 
-*-    has  been  breathed  into  miiltitudeB  of  organic  forma 
[^  which  DOW  teem  in  the  Paleozoic  sea, 

"Saj,  mjBteriaoB  Eartb !  oh  say,  great  Mother  snd  Goddess! 
Was  it  not  well  with  thee  then,  when  first  thy  lap  was  iingirdled, 
Thy  lap  to  the  genial  Heaven,  the  day  ihat  he  wooed  thee  and  won  thee? 
Fair  was  thy  blush,  the  ftirest  and  first  of  the  blushes  of  morning ; 
Deep  was  the  shudder,  oh  Earth  I  the  throe  of  thy  self-retenlian ; 
July  thoQ  strovest  to  flee,  and  didst  seek  thyself  at  tby  centre ! 
Mightier  far  was  the  joy  of  thy  sudden  resilience ;  and  forthwith 
Myriad  myriadB  of  lives  teemed  forth  from  the  mighty  embracement, 
Thousand  fold  tribes  of  dwellers,  impelled  by  thousand  liJld  instincts. 
Filled  as  a  dream  the  wide  waterR." 

The  long  period  of  almost  total  lifelessness — the  Eozoic 

J  Time — it  will  be  remembei-cd,  was  brought  to  a  close  by 

I  the  upheaval  of  a  long  ridge  of  land,  extending  from  the 

ist  of  Labrador  to  the  northern  shores  of  the  great  lakes, 

i  thence  northwest  to  the  Arctic  Sea.    Corresponding 

beavals  took  place  on  other  contiuenta.     A  convulsion 

Jould  not  jar  one  half  the  globe  without  being  felt  upon 

Uie  other  half,  and  hence  it  is  that  all  the  grand  revola- 

B  of  geology  were  simultaneoua,  and  the  histories  of 

ifferent  continents  are  divided  into  corresponding  cbap- 

.    We  confine  our  attention,  however,  to  North  Amer- 

The  germinal  ridge  consists  of  an  axis  or  nucleus  of 

I  granitic  material,  and  on  each  side  of  a  series  ofgneisBoid 

L  and  other  eozoic  strata  sloping  like  the  roof  of  a  house  from 

^the  central  and  highest  part.    We  know  that  this  upheaval 

took  place  after  the  deposition  of  the  eozoic  strata,  because 

^oae  strata  could  not  have  been  deposited  in  theii-  preseut 
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tilted  position  (Fig.  19).    We  know  that  it  took  place  be- 
fore the  deposition  of  the  next  series  of  strata,  because 


Fig.  19.  Disturbed  condition  of  Eozoic  Strata. 

a.  Eozoic  strata,  tilted  and  contorted  by  disturbances  occurring  before  the  deposi- 
tion of  the  Paleozoic  strata,  b,  c,  d.  e,  e,  e.  Faults  or  dislocations  of  Eozoic  and 
Paleozoic  strata,  evidently  of  later  date  than  the  contortions  of  a. 

these  strata  were  not  tilted  by  the  upheaval,  but  continue 
to  present  their  horizontal  edges  against  the  inclined  faces 
of  the  eozoic  beds.  Thus  the  precise  relative  period  of  this 
upheaval  is  fixed. 

Consider  the  geography  of  the  North  American  continent 
at  this  date.    An  angular  ridge  of  land  (Fig.  20)  is  all  that 
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Fig.  20.  The  Germ  of  the  North  American  Continent, 
a,  a.  The  two  branches  of  the  continent    b,  b.  Islands.    (The  modem  continent  is 
■  indicated  by  dotted  lines,  the  riyers  by  broken  lines.) 


then  existed.  The  Rocky  Mountains  and  the  AlleghanieB 
were  not  yet  bom  from  the  deep.  Where  were  the  United 
States?  Where  the  broad  valley  of  the  Mississippi,  and 
the  wide-extended  plains  of  the  far  West?  Beneath  the 
wave,  and  receiving  the  sediments  of  the  same  sea  whieh 
rolled  over  the  future  sites  of  Babylon,  and  Tyre,  and 
Athens,  and  the  seven  hills  of  the  "  Eternal  City,"  The 
generations  of  men  yet  slumbered  in  the  chambers  of  futu- 
rity. The  order  of  Providence  had  assigned  them  their  posi- 
tion in  the  grandprocession  of  life  which  was  now  beginning 
to  move,  and  the  scouts  of  which  had  passed  by  in  the  pre- 
ceding age;  but  we  must  wait  for  man  till  a  long  line  of  gro- 
tesque and  marvelous  forms  has  marched  before  our  view. 
The  van  of  this  procession  was  led  by  some  of  the  hum- 
bler forms  of  God's  creation.  We  shall  indeed  look  in  vain 
for  a  type  of  existence  of  simpler  mould  than  the  Lauren- 
tian  Eozoiin.  It  is  likely  that  beings  akin  to  this  accom- 
panied the  ahoals  of  higher  forms  which  sprang  into  exist- 
ence at  the  morning  dawn  of  the  Silurian  Age.  But  if 
they  lived,  the  record  of  their  existence  has  been  effaced 
from  the  earth.  Like  the  deeds  and  the  sufferings  of  the 
men  who  kept  company  with  the  extinct  quadrupeds  of  Eu- 
rope, and  chased  the  fur-clad  mammoth  across  the  steppes 
of  Siberia,  their  very  existence  is  reached  only  by  conject- 
ure, and  the  activities  wftch  made  up  life  with  them  have 
all  teen  locked  up  with  the  arcana  of  the  past.  The  creat- 
ures whose  relics  we  have  disentombed  wei'e  more  highly 
gifted  than  the  Eozoon,  and  were  launched  into  being  un- 
der a  great  variety  of  foims.  The  oldest  Silurian  rocks  of 
North  America  are  perhaps  those  revealed  to  science  upon 
the  island  of  Newfoundland  by  the  assiduity  of  the  Cana- 
dian geologists.  Their  records  have  been  recently  studie^ 
y  the  paleontologist  Billings,  of  Montreal,  an  investigator 
[linent  for  acuteness  and  for  the  import  'f  his  ijaUnvi.- 
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tologicnl  (Jiscoveries.  An  assemblage  of  strata  uamed  by 
him  the  "  St,  John's  Group"  is  described  as  underlying 
rocks  that  had  heretofore  been  regarded  as  forming  the 
very  base  of  the  Silurian  system  in  America.  These  St. 
John's  strata  may  probably  be  regarded  as  inclosing  the 
remains  of  the  first  considerable  fauna  that  ever  lived 
withio  the  limits  of  America.  Our  knowledge  of  these 
primeval  relics  is  as  yet  very  imperfect*,  being  limited  to 
one  crinoid,twobrachiopods, 
and  half  a  dozen  genera  of 
trilobites.  Though  they  mark 
generally  a  great  simplicity 
of  organization,  one  can  not 
but  be  astonished  that  in  the 
very  outset  of  animalizatioii 
upon  onr  globe  so  high  a 
rank  and  so  great  variety  of 
types  should  have  been  man- 
ifested. If  we  are  to  judge 
from  that  which  is  known 
rather  than  that  which  is  con- 
jectured, we  are  compelled 
to  conclude  that  the  varied 
forms  of  animal  life  did  not 
conre  into  being  by  a  gradual 
evolution  from  the  Eozo5n, 
but  as  so  many  original  ut- 
terances of  the  all-E 
tificer  of  creation. 
Of  the  "  Potsdam  group"  of  strata  [see  Appendix,  Note 
HL],  and  the  organic  remains  which  they  inclose,  we  have 
l^rned  somewhat  more.  The  "  Potsdam  sandstone"  at  the 
if  the  SilurUn  FdeuIs  of  the  lelond  of 
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Mttom  of  the  group,  was  long  regarded  as  the  oldest  foB- 
s  rock  in  America.     It  is  certainly  not  far  from  the 
Rlowest  horizon  of  the  primeval  cemeteries  which  hold  the 
P'dust  of  the  first  denizens  of  our  planet.     This  sandstone  is 
■sometimeB  whitish  or  grayish,  hut  often  of  a  dull  red  color, 
md  sometimes  slaty ;  and  except  within  the  area  covered 
T  the  St.  John's  group,  it  is  found  resting  upon  the  up- 
s  of  the  Eozoic  strata.     Observe  that  it  is  a 
gandstone      Now  we  know  that  in  the  waters  of  the  pres- 
mt  day  sands  are  accumulated  only  in  comparatively  tur- 
lent  and  shallow  regions     In  calmer  and  deeper  waters, 
3  sediments  are  necessarily  finer,  as  only  the  finest  par- 
ticles tan  be  trinaported  by  the  slowest  moving  currents 
many  a  layer  of  this  ancient 
sandstone,  when  uncov- 
eied  to   the  light,  pre- 
sents us  with  veritable 
ujple  maiks — such  as 
llie  ^ta^es   are  making 
tD  iny  in  the  fine  sand 
f   the    shallow   water 
neii   the  beith — sand- 
rij  [les  which  have  Been 
preaeiTed  unmarred  for 
millions   of  years,   and 
unite  with  other  proofs 
that  the  bottom  of  the 
ProtDzoit,  fic'i  was   not 
beneath  the  reach  of  the 
igilations  of  Its  surface. 
fhis    interesting    sand- 
stone  was   first    atten- 
tueh    studied  at  Pots- 
dam and  Keeseville,  in. 
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Northern  New  York,  and  the  geologists  of  the  Natural 
History  Survey  of  that  state  christened  it  accordingly  from 
one  of  these  localities  (Fig.  22).  It  was  burst  through  at 
some  subsequent  period  by  some  of  the  granitic  rocka  now 
constituting  the  region  of  the  Adirondacs — or,  if  some  of 
their  domes  were  already  islands  in  the  Eozoic  ocean  {b, 
Fig.  20),  their  massive  walla  have  been  heaved  to  higher 
altitudes  by  later  efforts  of  nature,  since  the  rocky  wrap- 
pings of  their  tianks  have  been  raised  to  inclinations  which 
prove  disturbance  subsequent  to  their  deposition.  This 
sandstone  extends  southward  into  Pennsylvania,  where,  at 
a  still  later  period,  it  was  upheaved  by  the  convulsion  which 
brought  the  Alleghanies  to  light.  Still  farther  south,  in 
Virginia,  Tennessee,  and  Alabama,  this  ancient  sea-bottom 
has  been  brought  up  at  intervals  along  the  dislocations  of 
the  Appalachian  range;  while  on  the  west  o^the  Missis- 
sippi it  comes  up  again  in  the  highlands  of  Texas  and  Ar- 
kansas, in  Eastern  Missoui'i,  and  the  Northwestern  States, 
and  has  been  broken  through  in  the  Black  Hilla  of  Dacotah 
by  a  comparatively  recent  protrusion  of  granite.  From 
Northern  New  York  it  trends  down  the  valley  of  the  St. 
Lawrence,  while  in  the  opposite  direction  it  crosses  over  to 
the  northern  shore  of  Lakes  Huron  and  Superior — underlies 
the  western  portion  of  Superior,  and  spreads  itself  out  over 
vast  areas  in  Wisconsin  and  Minnesota,  whence  its  main 
outcrop  sets  out  for  the  region  of  McKenzie's  River,  on  the 
arctic  slope  of  the  continent. 

These  localities  and  regions  are  but  the  present  places 
of  outcrop  or  exposure  of  a  solidified  bed  of  sands,  which 
was  accumulating  is  the  bottom  of  the  ocean  at  the  time 
of  which  we  speak.  What  of  the  beings  that  enjoyed  the 
throb  of  life  in  those  ancient  waters?  The  renowned  pa- 
leontologist of  New  York,  Proftssor  James  Hall,  has  made 
ua  acquainted  with  but  two  or  three  distinct  creatures 
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fom  the  whole  extent  of  tho  typical  region  of  the  Pots- 
Lam  sandBtone.  These  have  been  named  lAngula  jtrima 
and  Lingula  antiqua.  They  are 
little  bivalve  shells  belonging  at 
the  bottom  of  the  class  Brachio- 
poda,  which  is  nearly  the  lowest 
class  among  molluscs.  As  desti- 
g-SS-LiKguia  Pig.M.  LiDgtUa  tute  of  the  senses  as  an  oyster, 
they  were  equally  incapable  of 
tocomotion,  being  anchored  to  the  bottom  by  a  fleshy 
tern  or  peduncle  which  issued  through  the  hinder  part  of 
e  shell,  and  had  an  internal  organization  which  was  even 
9  rudimentary  and  homogeneous  than  that  of  the  "  bi- 
ralve,"  which  has  become  the  type  of  insensibility  and 
The  same  little  sheila  have  been  observed  in 
S^orthem  Michigan,  in  Minnesota,  in 
1  Alabama,  and  even  in 
e  Old  World,  every  where  occupy- 
Eng  a  position  in  strata  which  were  ^ 
Iccumulatcd  at  the  same  time  as  the 
Potsdam  sandstone.  In  many  in- 
extent  to  which  the 
jinuiber  of  individuals  was  multi- 
blied  is  truly  amazing,  while  the 

Jphole    catalogue    of  species   ofmol-    Fig.  ae.  Modem  Unpilcaan- 

InscB    in    this    sandstone    scarcely  cborcd  lo  a  support. 

B  half  a  dozen.  With  these  bivalves,  in  Wisconsin 
i  Minnesota,  are  associated  incredible  numbers  oitrilo- 
As  might  be  expected  in  deposits  formed  under 
iQch  conditions  as  gave  rise  to  sands,  tho  trilobites  are 
feund  generally  in  a  greatly  damaged  condition.  TTiese 
porthwestern  cemeteries  have  been  mainly  explored  by 
"  r.  D.  D.  Owen,  Professor  James  IJall,  and  Dr.  B.  F.  Sbu- 
mrd.    The  writer  has  also  had  the  opportunity  to  bring 
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to  light  some  hitherto  unrecogaizecl  forms.  Still  other 
species  have  been  made  known  from  Texas  by  Dr.  Shu- 
mard  and  Dr.  F,  Rumer,  Trllobites  be- 
long to  the  lower — not  the  lowest- — part 
of  the  auh-kingdom  of  Articulates.  The 
radiates  and  the  great  mass  of  molluscs 
hold  inferior  rank,  and  yet  throughout 
the  world  we  find  these  lower  strata 
characterized  by  a  profusenesa  and  va- 
riety of  trilobite  remaijis  which  are  not 
approached  by  the  molluscs  or  the  ra- 
diates. Many  investigators  have  eon- 
eBBia.  tributed  to  our  knowledge  of  these  pri- 
mordial creatures,  but  to  none  are  wo  so  deeply  indebted 
as  to  M.  J.  Barraode,  who  has  enriched  with  marvelous  de- 
tails his  great  work  upon  the  "  Silurian  System  of  Bohe- 
mia." He  has  traced  them  throagh  the  various  etages  of 
their  embryonic  development,  and  shown  that  they  under- 
went metamorphoses  to  some  extent  similar  to  certain  in- 
sects. Varying  in  size  from  a  pea  to  a  foot  or  more  in 
length,  they  had  the  jointed  external  shell  of  a  lobster,  and 
could  roll  themselves  together  like  a  hedgehog  for  the  pur- 
pose of  passive  protection.  Multitudes  of  them  are  found 
folded  in  this  eondition  (Fig.  27),  intelligihle  witnesses  of 
an  instinctive  shrinking  from  the  death-pang,  which,  even 
in  this  early  age,  was  the  means  employed 
by  Providence  to  secure  the  lives  of  his  sen- 
sitive creatures.  With  all  except  the  lower 
forms  the  eyes  are  distinctly  discernible,  and 
even  in  these  the  places  for  the  eyes  are  vis-  J 
ibie,  and  there  is  no  reason  to  suppose  they 
were  blind.  In  the  others  the  eyes  are  cu- 
riously compound,  like  those  of  the  common  house-fly.  Did 
the  reader  ever  examine  the  eyes  of  the  domestic  fly  with 
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n  hand  magDifier?  If  not,  tlie  beautiful  and  perfect  struo- 
I  ture  whicli  it  displays  will  compenBate  for  the  trouble  of 
I  procuring  the  means  to  make  the  observation.  Some  scores 
l-of  little  lenses,  arranged  with  the  most  perfect  symmptry, 
teach  set  in  its  little  telescopic  tube,  foi-m  upon  the  retina 
K  of  the  little  insect  the  various  portions  of  an  image  of  some 
lextenial  objpct.  Such  eyes  had  the  trilobite  (Fig.  28).  It 
}  is  mavveloits  that  such  delicate  structures  have  been  so 
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perfectly  preserved  as  in  some  trilobites  which  I  have  ex- 
I  amined  from  the  neighbovbood  of  Dubuque,  Iowa.  These, 
i  however,  existed  in  the  period  following  the  Potsdam.  The 
Itrilobite  was  tri-lobedin  two  respects.  Longitudinally,  the 
W  oval  form  was  divided  into  licad,  body,  and  tail ;  while  in 
f  the  other  direction  a  couple  of  lengthwise  grooves  divided 
f  the  animal  into  middle,  right,  and  left  lobes,  or  regions. 

In  this  earliest  scene  of  aniraalization,  mollusks  and  ra- 
I  diates  play  comparatively  an  inconspicuous  r6le.  But  it 
I'Biust  be  remarked  that  both  these  types  of  existence  had 
introduced.  Among  the  molluscs  we  have  found,  be- 
[  flides  the  representatives  of  Braehlopods  already  mentioned, 
I  a  few  other  members  of  the  same  class,  and  also  some  coiled 

inivalvee,  which  belong  to  the  higher  class  of  Gasteropods. 
I  Among  the  radiates  we  have  in  the  Old  World  a  few  rep- 
I  resentatives  from  the  middle  of  the  sub-kingdom  in  point 

frank,  while  among  Protozoa  we  find  a  few  forma  vti^\a^ 
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to  sponges,  with  calcareous  instead  of  horny  ftkeletons.  In 
the  epoch  immediately  following  this,  animal  life  rose  to  a 
slightly  higher  grade,  and  unfolded  in  a  great  variety  of 
Butordinate  types.  Before  the  close  of  the  Potsdam  pe- 
riod— before  the  deposition  of  the  sediments  which  formed 
the  limestone  and  marls  of  Cincinnati,  and  have  given  char- 
acter to  the  far-famed  "  blue-grass  region"  of  Jf entucky — 
life  had  been  ushered  upon  our  globe  in  such  richness  and 
vai-iety,  that  not  only  had  three  of  the  four  fundamental 
plans  of  animal  organization  been  i-ealized,  but  all  or  near- 
ly all  the  various  classes  of  the  three  lower  sub-kingdoms 
had  been  fairly  represented. 

Many  extensive  regions  of  the  Potsdam  sandstone  and 
overlying  calciferous  sand-rock  are,  nevertheless,  almost, 
if  not  quite  destitute  of  the  traces  of  organic  existence. 
Along  the  south  shore  of  Lake  Superior  is  a  sandstone 
once  regarded  as  belonging  to  the  Potsdam,  but  probably, 
in  part,  of  the  age  of  the  "Calciferous,"  in  which  we  search 
in  vain  for  any  of  those  fossil  remains  so  common  In  Min- 
nesota, We  find  nothing  but  the  imprints  of  soft  sea- 
weeds (Fig.  29) — things  like  films  of  jeiiy,  which  have  left 
their  imprints  upon  the  coarse  rock,  and  have  ti'ansmitted 
to  U8  a  knowledge  of  their  existence  and  nature,  while  the 
traces  of  an  array's  march  are  obliterated  by  the  vicissi- 
tudes of  a  single  season. 

The  Lake  Superior  sandstone,  whatever  its  geological 
age,  is  a  formation  of  remarkable  interest,  both  in  its  re- 
lations to  the  basin  of  the  largest  lake  in  the  world,  in  its 
relations  to  the  world-renowned  copper  deposits  of  the  re- 
gion, and,  not  less,  in  its  relations  to  some  of  the  finest 
scenery  of  the  continent.  The  remarkable  interest  of  this 
formation  was  first  pointed  out  by  Dr.  Douglass  Houghton 
— a  name  more  honored  and  beloved  among  the  Wolvei'ines 
than  any  other  in  the  lists  of  science. 
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The  convulsions  which  closed  the  Potsdam  period  pro- 
truded through  this  formation  enormous  vertical  walls  of 

molten  rock,  known 
by  the  general  name 
of  "trap,"  or  dolerite, 
or  delessite.  The 
bursting  through  of 
these  igneous  mate- 
rials tilted  up  the 
broken  edges  of  the 
Fig.  30.  Outlines  of  Lake  Superior.  sandstone,  and  form- 

ed between  the  lines  of  outburst  deep  valleys,  which  have 
become  the  bed  of  the  lake.  The  sandstone  which  plunges 
beneath  the  water's  surface  on  the  northwest  side  of  Kew- 
enaw  Point  reappears  on  Isle  Royale,  which  was  formed, 
like  Kewenaw  Point,  by  an  outburst  of  dolerite  (Fig.  32). 

cC 


Fig.  31.  Section  across  Lake  Superior,  along  the  line  XX,  Fig.  30. 
a,  a.  The  water  level,    h.  Trap  outburst  north  of  the  lake.    c.  Trap  outburst  form- 
ing Isle  Royale.    d.  Trap  outburst  forming  Kewenaw  Point,    e.  Lake  Superior 
sandstone  and  conglomerate,    f.  Bozoic  and  other  rocks  underlying  the  sand- 
stone. 

From  the  north  side  of  Isle  Royale  the  sandstone  glides 
under  the  water  again,  and  reappears  upon  the  northern 
shore  of  the  lake.  The  basin  of  the  lake  is  therefore  a  ge- 
ological valley — a  "  synclinal"  valley — formed  by  the  ig- 
neous eruptions  upon  the  northern  and  southern  shores. 
Its  origin,  as  will  be  seen,  is  entirely  different  from  the 
origin  of  any  of  the  other  lake  basins  of  the  chain. 

The  escape  of  the  molten  rocks  of  the  region  fused  out 
the  copper  and  silver,  which  were  disseminated  through 
the  neighboring  strata,  and  accumulated  them  in  masseg 
of  great  commercial  importance.     An  enormous  dike  of 
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polerite,  three  or  four  miles  in  width,  runa  like  a  backhone 
e  head  of  Kewenaw  Point,  southwest  and  west,  to 
i  neighborhood  of  Ontonagon  (see  Fig.  30),     Upon  this 
B  copper  mines  of  the  region  are  located.     In  each  direc- 
tion from  this  backbone  elopes  the  sandstone  which  was 
mpturned  by  it  (Fig.  31).    Directly  across  this  adamantine 
5  a  stupendous  cleft,  which  has  been  filled  with 
water  from  the  lake.     Thus  has  been  formed  Portage  Lake, 
lan-ow,  winding  body  of  water,  which  vessels  navigate 
m  the  east  to  within  two  or  three  miles  of  Lake  Supe- 
r  on  the  west.     Commerce  has  undertaken  to  complete 
Ehe  work  begun  by  Nature,  and  soon  Kewenaw  Point  will 
e  an  island. 

Toward  the  eastern  extremity  of  Lake  Superior  the  for- 
biation  reposes  in  nearly  honzontal  beds,  and  the  eroeiou 
■f  the  lake  along  the  southern  shore  has  carved  out  bold 
^carpmentB  which  arrest  the  attention  of  every  traveler, 
ilieae  have  been  named  the  "Pictured  Rocks"  (Fig.  32), 
e  diversified  colorings  of  the  various  portions  of  the 
sandstone  mass.  It  is  a  dangerous  coast,  and  no  species 
if  ei-aft  ventures  within  inspection  distance  except  in  calm 
md  settled  weather.  The  bigb  bold  wall  looks  sheer  across 
!  lake,  and  the  storm-wind  rolls  tremendous  surges 
Igainst  its  stem,  defiant  face.  They  have  excavated  cav- 
ms  which  a  canoe  may  traverse,  and  in  which  the  impria- 
i  billows  howl  with  the  resonance  of  a  Nahant  purga- 
tory. They  have  carved  out  mimic  architecture  and  spread 
%  mimic  sail.  In  times  long  gone  by  they  have  flanked  a 
ittubborn  bluff,  and  cut  it  off  from  the  main  land  by  a  miU- 
"  ditch"  of  the  most  successful  kind,  since  it  is  a  mile 
ilride,  and  is  navigated  by  the  largest  vessels.  The  isolated 
E  is  Jcnown  as  Grand  Island. 
"  The  range  of  cliffs  to  which  the  name  of  Pictured  Rocks 
y  Foster  ancl  ^YhJtlliiYii"  "^^1  ^'^  tft^asV 
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Bed  as  among  tlie  moat  Btrildng  and  beautiful  featnrea  of  the 
Mcenery  of  the  Northwest,  and  are  well  worthy  of  the  at- 
Ktention  of  the  arti8t,'of  the  lover  of  the  grand  and  beauti- 
K^l,  and  of  the  observer  of  geological  phenomena."* 
■  The  first  display  of  architectural  mimicry  witnessed  in  • 
Boasting  eastward  is  a  salient  mass  of  sandstone  known  as 
Khe  "Miner's  Castle,"  presenting  the  turretod  elevation  and 
Rrched  and  massive  doorway  of  some  ancient  feudal  seat, 
^piie  height  of  the  doorway  is  about  seventy  feet,  while  the 
Kops  of  the  turrets  are  one  hundred  and  forty  feet  above 
Hie  lake  (Fig.  32). 

I  About  five  miles  farther  eastward  the  cliffs  attain  an  el- 
wvation  of  about  one  hundred  and  seventy-three  feet,  pre- 
Henting  a  series  of  sinuosities  or  scollops  hewn  out  by  the 
Hjotion  of  the  waves.  One  of  the  grandest  and  most  rega- 
^mr  of  these  was  named  "  The  Amphitheatre"  by  Foster  and 
wjSfl  hitney.  Still  farther  eastward  this  scolloped  contour 
fcp-aduatea  into  extravagant  carvings,  which  have  wrought 
nthe  mural  wall  into  wicrd  Titanic  mimicry  of  architectural 
Kforms.  Vast  tablets  from  the  upper  courses  of  the  wall, 
■tapped  by  the  agency  of  eroding  waves,  have  tumbled 
H3own  and  strewn  the  beach  in  places  with  fragments  which 
Ifead  the  traveler  to  believe  he  is  clambering  among  the 
Koins  of  gigantic  temples  shattered  by  an  earthquake  shud- 
B^r.  A  group  of  these  fallen  fragments  presents  a  striking 
Kimilitude  to  the  jib  and  mainsail  of  a  sloop  full  spread, 

K  •  Heport  on  the  Geology  of  the  Lolie  Saperior  Land  District,  part 
BE,,  p.  I2i  (I8fl7).  These  aathors  hitve  given  the  fiilleat  and  moat  exact 
HfceooDt  of  tlie  Pictured  Bocks  thrtt  has  j'et  been  published.  Schoolcraft, 
^■t  an  earlj  period,  nndertook  to  describe  this  range  of  clifts  and  iliustrats 
Hhe  scenery,  but  with  Tery  poor  aaccesa.  Harper's  Magazine,  roL  xxxiv., 
^B.6S1  (May,  1867),  contains  fi  lively  and  interesting  paper  on  tha  "Fie- 
Kprcd  Rock9,"pmbodj-ing  several  good  illustrations.  Some  of  the  foUow- 
Bfng  views  are  from  photographs  by  Watson,  taken  on  an  excursion  by  a 
Kurty  fi'om  the  University  of  Michigan  in  1808,  under  tho  leadership  of 
wS^.  A.  E.  Foote. 
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I&d  hence  has  been  dubbed  by  the  voyageurs  "  the  Sail 
"  (Fig.  33). 

A  mile  farther  east  we  reach  "The  Grand  Portal"  {Fig, 
|i4).  This  is  an  enormous  arched  gateway  one  hundred 
n.  height  and  one  hundred  and  sixty  feet  broad,  open- 
j  into  a  maijnificent  vaulted  passage  some  threchuudred 
set  deep,  and  expandmg  into  a  massive  dome  Theiie 
hpartmonta  with  their  ramifications  ha\e  been  hewn  in  an 
fenormous  quadrangulji  block  ofbiown  Bandstane  irojett 
pig  sheer  into  the  like  six  hundied  teet,  and  presentmg  a 
ront  of  three  or  fjui  I  i  li  If  t  Tiith  a  frownm-;  fij'jde 
I  fiill  one  hun  I     1     i  1   il     It  three  feet  j,bo\e  the 


s  and  resounds  tbiough 
lagnificent  of  Nature's 


■water  which  bathes  the  foundatio 
I  the  vaulted  passages  of  this  most  e 

cromlechs. 
I  The  last  and  most  gi-otesqne  of  these  mural  structures  is 

^^^  "  The  Chapel."     At  the  hei p:ht  of  forty  feet  above  the  lake 


is  a  roeky  floor,  from  the  four  angles  of  which  rise  curiously 
wrought  columns  of  masonry  in  thin  and  regular  courses. 
These  support  a  massive  vaulted  roof  that  covers  a  rustic 
auditorium  forty  feet  in  diameter  and  forty  feet  high,  which 
suggested  the  name  of  the  structure.  At  the  base  of  one 
of  the  columns  is  excavated  an  arched  niclie,  which  may  be 
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reached  by  a  flight  of  steps  formed  of  the  retreating  layers 
of  the  sandstone.  ■This  is  the  pulpit.  In  fi-ont  lies  a  tabu- 
iar  mass  of  rock  which  answers  for  the  desk,  while  an  iso- 
lated block  on  the  right  represents  an  altar.  "  If  the  whole 
had  been  adapted  expressly  for  a  place  of  worship,  and 
fashioned  by  the  hand  of  man,  it  could  hardly  have  been 
arranged  more  appropriately.  It  is  hardly  possible  to  de- 
scribe the  singular  and  nnlqtie  effect  of  this  extraordinary 
stnictnre.  It  is  truly  a  temple  of  Nature — '  a  house  not 
made  with  hands.'  "  * 

Hard  by  this  chapel,  erected  by  the  hand  of  Nature  to 
symbolize  the  devotion  which  Nature's  solitudes  inspire,  is 
one  of  Nature's  preachers — a  beautiful  cascade — lifting  up 
its  voice  perpetually  in  hearing  of  the  spirits  of  the  prime- 
val wilderness  in  the  rear, 
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"  Mingling  its  echoes  with  the  eagle's  cry, 
And  with  the  sounding  lake,  and  with  the  moaning  sky." 

Not  far  east  from  here  rises  a  stupendous  dune  of  sand, 
or,  rather,  a  promontory  of  uncemented  sand  aflft  clay, 
capped  by  a  shifting  dune.  The  grinding  action  of  the 
waves  has  pulverized  a  cubic  mile  of  sandstone  and  super- 
incumbent drift,  which  has  been  strewn  over  the  lake's 
bottom.  The  nervous  wind-gust  has  wrested  it  from  the 
water,  and  made  it  a  plaything  of  its  own.  Dried  by  the 
sun  and  air,  it  has  been  driven  inland  till  the  forest  is  sub- 
merged, and  a  shining  promontory  called  Grand  Sable  lifts 
its  forehead  four  hundred  fqpt  above  the  lake — a  landmark 
for  the  mariner  and  a  marvel  to  the  lover  of  Nature. 
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CHAPTER  IX 

DISCOVERY    OF  THE  PEOGEAilME, 

pHE  reader  will  have  olaserved  that  the  primal  or  PotB- 
dam  sandstone  has  been  traced  all  around  the  circuit 
fof  the  central  United  States.     There  is  no  doubt  that  it 
inderlies  all  the  region  embraced  within  the  circumference 
k>f  its  outcrop.    Indeed,  at  Colijinbus,  Ohio,  an  artesian  bor- 
ing has  probed  the  crust  2000  feet  aud  more,  and  found  tliis 
Bwtndstone  in  its  proper  place.     At  Lafayette,  in  Indiana, 
EtjouiBville,  in  Kentucky,  St.  Louis,  in  Missouri,  and  Chicago, 
1  Illinois,  similar  deep  borings  have  been  executed,  and 
eeaaion  of  strata,  as  far  as  the  borings  extend,  has 
jeen  exactly  such  aa  geology  expected;  and  there  can  not 
k  doubt,  that  wherever  exploration  should  be  made 
^throughout  the  wide   extent   of  the   area  indicated,  the 
Potsdam  sandstone  would  be  found  occupying  its  proper 
Bjiosition  at  the  bottom  of  the  Silurian  series  of  strata.     As 
^e  same  formation  has  been  upheaved,  at  intervals,  along 
ihe  whole  distance  to  the  Rocky  Mountains,  geologists 
lave  arrived  at  the  conclusion  that  the  entire  area  of  the 
BCnited  States  and  Territorfes  was,  during  the  Lower  Silu- 
ian  Age,  the  bed  of  a  comparatively  shallow  sea. 

This  conclusion  leads  to  a  generalization  of  the  highest 
interest.  How  came  the  central  area  of  the  North  Amer- 
1  continent  a  basin  of  shallow  water  ?  We  can  only 
T  that,  at  this  early  period,  the  Alleghanies  on  the  east, 
md  the  Rocky  Mountains  on  the  west,  had  already  begun 
o  be  lifted  above  the  general  floor  of  the  ocean.  The  Uni- 
d  States  were  an  immense  continental  lagoon — a  subma- 
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line  plateau,  such  as  now  exists 
in  the  North  Atlantic,  upon 
which  the  telegraphic  cable 
has  been  laid.  The  outline  of 
the  continent  was  consequent- 
ly marked  out  while  yet  in  em- 
bryo. The  foundation  of  the 
Alleghanies  was  laid  ages  be- 
fore the  superstructure  rose 
above  the  waves,  and  exposed 
to  the  light  of  day  the  predes- 
tined trend  of  the  Atlantic 
coast  of  our  country.  But  we 
trace  the  development  of  this 
idea  back  to  a  still  remoter  pe- 
riod. Note  the  trends  of  the 
primeval  ridge  (Figs.  19  and 
39)  which  still  lies  thrusting 
its  angle  down  into  the  north- 
ern notch  of  the  "great  lakes." 
"Northeast  and  northwest" 
was  the  language  of  that  early- 
uttered  decree  which  foredeter- 
mined  the  shape  of  the  conti- 
nent which  was  destined  to  be- 
come the  "  land  of  the  free."* 
That  primal  ridge  was  its  ear- 
liest germ.  Successive  annex- 
ations to  this  germinal  conti- 
nent have  been  uniformly  to- 
ward the  southeast  and  south- 
west. This  primitive  ridge  was 
not  alone  an  early  prophecy  of 
the  trends  of  our  present  coast 
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lines.  In  its  upper  angle  lies  Hailson's  Bay,  whose  place 
was  designated  as  soon  as  it  became  the  bottom  of  a  sub- 
marine valley.  The  soutbem  slope  of  the  ridge  became 
the  water-shed  which  was  to  supply  the  great  lakes  and 
the  St,  Lawrence.  The  St.  Lawrence  finds  its  outlet  to  the 
ocean  in  a  valley  parallel  with  the  ancient  ridge.  The  pe- 
culiar notch  from  Georgian  Bay  to  the  head  of  Lake  Erie, 
and  thence  to  the  Niagara  Kiver,  is  conformed  to  the  sal- 


Fig,  31.  Hydrographic  and  Oroigaphic  Ontlinea  of  North  America. 
ient  angle  of  the  same  ridge.  The  "  great  lakes"  them- 
selves are  but  links  in  the  vast  chain  of  lakes  extending  to 
the  Northern  Ocean,  accumulated  in  a  valley  inclosed  by 
the  western  branch  of  the  continental  nucleus  on  the  one 
'  hand,  and  the  ooKidenta!  ridge  of  the  continent  on  the  . 
other.  The  Mississippi  pursues  its  course  along  the  bot- 
tom of  the  depression  between  the  Appalachian  and  Rocky 
Mountain  ridges,  while  the  McKenzie — the  Mississippi  of 
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Ehe  North — is  its  conntGrpart,  holding  possession  of  the 

rorthward  prolongation  of  the  same  depression.     Or,  to 

resent  the  generalization  in  another  form,  the  primordial 

!,  with  its  northeast  and  northwest  branches,  holds 

Budson'e  Bay  in  its  embrace.     The  Appalachians  and  the 

tocky  Mountains  constitute  tlie  two  branches  of  a  second- 

;,  which  do  not  meet  toward  the  south.     One  of 

fliese  branches  points  toward  the  prolongation  of  Florida 

md  the  peninsula  of  Yucatan,  and  the  other  toward  the 

[prolongation   of  Mexico    and  Central  America,  with  the 

Gulf  of  McKioe — the  Hudson's  Bay  of  the  South — occupy- 

isaion  between  them.     The  space  between  the 

mrimary  and  secondary  ridgee  has  two  systems  of  drain- 

je — one  toward  the  north,  and  one  toward  the  south. 

Each  Bystem  has  two  bmnchcs.     In  the  northern  system 

^6  branches  diverge  from  the  lake  region  toward  the 

lOrtheaat  through  the  St.  Lawrence,  and  the  northwest 

[irough    the    McKenzie.      In    the    southern    system    the 

Sbranches   converge   through   the  Ohio  and  the  Missouri, 

md  discharge  themselves  by  one  outlet  through  the  Mis- 

issippi.    Thus  the  whole  hydrographic  and  orographic  sys- 

of  North  America  has  been  detennincd  by  the  location 

bf  these  skeleton  ridges — pieces  of  the  framework  which, 

though  for  unnumbered  ages  they  were  yet  unborn  from  the 

peep,  were  nevertheless  working  ont  the  configuration  and 

^e  topography  of  a  continent.  'Indeed,  as  the  secondary 

r  of  ridges  was  but  a  reduplication  of  the  first,  or  Lau- 

Hitian  pair,  we  find  that  the  innumerable  hydrOgraphical 

bid  topographical  features  of  our  continent  have  taken 

leir  point  of  departure  from  the  Laurentian  ridge  aa  an 

Qitial  and  germinal  area.     Finally,  the  trend  and  confoi'- 

IHtion  of  our  eastern  coast  are  what  has  turned  our  "Gulf 

m"  to  the  northern  shores  of  Europe,  to  mitigate  the 

ate  of  a  little  inhospitable  island  in  the  latitude  of 
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Labrador,  and  nurture  its  people  to  become  the  "  guard- 
ians of  civilization." 

These  comprehensive  views  of  continental  development 
have  been  especially  wrought  out  by  that  Christian  gen- 
tleman and  unrivaled  scholar,  Professor  J.  D.  Dana,  of  New 
Haven. 

It  is  wonderful  to  behold  one  of  Nature's  great  plots 
worked  out  with  such  undeviating  unity  of  purpose. 
Though  incalculable  ages  have  elapsed  since  the  nucleus 
of  the  American  continent  was  lifted  above  the  waves,  we 
find  the  announcement  then  made  to  have  been  faithfully 
prosecuted  to  the  end.  What  convincing  proofs  of  the 
unity  of  tha  Creative  Intelligence !  The  plastic  rocks 
have  always  been  moulded  by  the  hands  of  the  same  all- 
providing  Artificer.  How  it  exalts  our  apprehension  of 
his  infinite  attributes  to  behold  him  bringing  into  exist- 
ence a  series  of  secondary  causes,  so  simple  in  themselves, 
but  working  out  a  succession  of  results  so  complex  in  their 
details,  and  presenting  a  history  stamped  with  such  uni- 
formity of  plan,  such  harmony  of  parts,  and  such  wisdom 
of  design !  But  these  are  only  his  doings  in  the  material 
world.  When  we  contemplate  the  manifestation  of  his 
attributes  presented  to  us  by  animated  nature,  every  one 
imbued  with  the  spirit  and  love  of  truth  is  compelled,  with 
the  poet,  to  exclaim, 

"An  \mdievo\xt philosopher  is  mad." 

We  turn,  then,  to  consider  the  metliod  which  reigns 
among  creatures  exalted  with  the  gift  of  life. 

Who  has  not  been  amazed  at  the  endless  variety  of  ani- 
mal forms  existing  upon  the  earth?  There  seems  to  be  no 
conceivable  conformation,  no  possible  situation,  no  circum- 
stances of  element,  climate,  food,  or  condition,  that  have 
not  been  made  the  fitting  and  essential  conditions  of  some 


DISCOVERY  OF  THE  PROGRAMME. 

'type  of  conecious  existence.  One  animal  dwells  on  the 
land,  another  in  the  soil,  a  thii'd  in  the  air,  a  fourth  in  salt 
water,  a  fifth  in  fi-esh ;  one  burrows  in  a  log,  another  in  a 
rock,  a  third  in  the  mud,  a  fourth  in  the  flesh,  or  brain,  or 
liver,  or  even  the  eye  of  another  animal.  Ponderous  quad- 
rupeds move  through  the  jungle,  wily  serpents  glide  among 
the  reeds,  the  centipede  crouches  under  a  stone,  the  minnow 
darts  beneath  the  sedgy  bank,  and  the  lazy  oyster  sleeps  in 
the  mud  at  the  bottom  of  the  bay.  We  place  beneath  the 
microscope  a  specimen  of  the  mud  in  which  the  oyster 
spends  his  dcowsy  life,  or  even  a  sample  of  the  water  in 
which  the  familiar  frog  delights,  and  lo  !  another  world  is 
revealed  to  our  vision — vegetal  and  animal  l^fe  in  forms  as 
varied  as  all  that  the  unassisted  eye  has  seen  in  the  great- 
er world. 

Nor  is  this  all  Every  one  has  read  of  forms  long  since 
extinct — of  strange  and  monstrous  forms  that  sported 
upon  tho  earth  before  the  empires  of  the  brute  creation 
had  been  subjugated  by  the  intellect  of  man,  A  stone- 
mason of  Cromarty  has  introduced  to  the  world  the  Aste- 
rolepia  of  Stromness,  and  the  Cephalas)>i3  and  Fterichtfiya 
of  the  "  old  red  sandstone" — fishes  which  the  most  learned 
had  at  one  time  almost  decided  to  throw  into  the  company 
of  turtles.  Mantellhas  amazed  us  with  stories  of  the  Igua- 
nodon,  an  immense  lizard,  believed  by  him  to  have  been 
sixty  feet  in  length,  which  crawled  over  the  sliine  of  the 
t  part  of  the  Jurassic  period.  These  all  were  forma 
le  middle  ages  of  the  world's  history.     As  we  mn 

ick  through  the   reons  preceding,  we  tread  upon  the 
ives  of  myriads  of  beings  which  in  their  day  swarmed 

1  the  depths  of  the  sea,  but  whose  lineage  and  likeness 

3  now  known  only  in  history.     We  push  back  through 

^e  dim  dawn  of  being,  and  stand  upon  the  sandy  shore 

f  that  uneasy  sea  in  which  Creative  Power  first  essayed 


100  BKMTCEEB   OF  CREATION. 

to  mould  the  plastic  clay  into  animal  fonns,  and  plant  in 
them  ethereal  fire.  How  reverently  do  we  turn  up  the 
cleaving  atone,  and  gaze  upon  a  little  coral,  a  Lingula,  or  a 
trilobite,  and  think  that  these  were  the  forms  which  God 
first  exerted  his  skill  upoo,  and  placed  first  in  poBsession 
of  our  round  and  verdant  planet  I  And  bow  different  those 
beings  from  all  we  know  upon  the  earth  to-day !  What  an 
infinite  range  of  aptitudes  between  that  humble  Lingula. 
and  the  majestic  mien  of  man  1  Such  is  the  exhaustless 
fertility  of  God's  conception. 

We  place  ourselves,  then,  upon  the  threshold  of  animal 
existence,  and  inquire  what  course  creative  Power  will 
pursue.  Shay  we  witness  a  series  of  experiments  for  the 
slow  perfection  of  a  plan — modds  and  methods  tried  and 
abandoned — detached  essays,  having  no  inteiligent  connec- 
tion with  an  ultimate  or  central  scheine  f  Witb  a  finite 
intelligence  such  experiments  would  have  been  imavoida- 
ble;  but  Nature  has  served  no  apprenticeships;  the  end 
has  been  contemplated  from  the  beginning. 

There  are  two  things  which  strike  the  attention  of  every 
one  who  studies  the  history  of  the  ancient  populations  of 
our  globe.  First,  their  forms  and  features,  their  habits, 
and  the  details  of  their  living,  are  often  in  wide  contrast. 
with  any  thing  we  behold  at  the  present  day.  Secondly, 
while  so  peculiar  in  their  details,  their  fundamental  feat- 
ures are  fdentical.  with  those  of  existing  animals,  so  that 
we  call  them  by  the  same  generic  titles — corals,  shells, 
crustaceans.  And  if  we  scan  the  long  line  of  being  from 
the  Laurentian  to  the  present,  we  shall  find  nothing  which 
may  not  be  embraced  under  the  most  general  designations 
which  we  apply  to  existing  animals. 

Now  which  of  these  two  features  of  the  fossil  world  is 
most  instructive?  Their  wild  and  extravagant  forms  .as- 
tonish us,  and  attract  the  curiosity  of  the  marvel-loving 
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public  Their  identity  of  fundamental  plan  impresses  us 
with  awe  and  revei-ence,  and  breathes  the  thoughts  of  a 
■world-embracing  scope  of  intelligence.  The  first  converts 
the  animal  creation  into  ti  vast  menagerie  for  the  curious 
to  wonder  at ;  the  latter  shows  it  to  be  a  lesson  of  wisdom 
traced  by  the  finger  of  the  Omniscient  himselE 

Let  U8  see  what  is  the  nature  of  this  identity  of  plan 
which  runs  through  all  existence  and  all  time.  It  is  a  won- 
derful fact  in  Nature,  From  the  epoch  of  the  St.  John's 
molluscs  and  the  Potsdam  trilobites,  through  all  the  dreary 
ages  of  the  earth's  preparation  for  man,  but  four  funda- 
mental types  of  animal  structure  have  ever  existed.  All 
the  varied  forma  of  extinct  monsters  have  been  constructed 
upon  one  or  the  other  a^  these  four  fundamental  plana. 
Throughout  the  wide  range  of  existing  beings — inhabiting 
the  deep  sea,  populating  the  air,  swarming  over  the  laud, 
and  the  forest,  and  the  jungle-— countless  equally  in  the 
number  of  individuals  and  in  the  number  of  distinguishable 
ppeciea — we  discern  but  the  same  four  foundation  plans  of 
structure  which  we  find  exemplified  in  the  creations  of  the 
ancient  world.  As  the  seven  fundamental  intervals  of  the 
gamut  have  in  their  endless  combinations  afforded  us  all 
the  varieties  of  melody  that  have  ever^reeted  the  ears  of 
the  world,  so  these  four  fundamental  plana  of  animalic 
structure  have  furnished  the  endless  variations  and  com- 
binations which  daily  greet  our  senses  with  never-ceasing  . 
novelty  and  delight.  As  AgaBsiz  has  aptly  and  beautifully 
illustrated  the  idea,  one  of  these  fundamental  plans  is  like 

i  fundamental  harmony  upon  which  an  endless  set  of 
^Variations  may  be  played.     Vary  it  to  what  extent  you 

ill,  the  characteristics   of  the  theme  continually  recur, 

"hat  are  the  zoological  characters  of  these  four  funda- 
1,1  forms  maybe  learned  from  any  elementary  work  on 
It  is  the  magnificent  generalization — forwh.ia\v 
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Pre  are  indebted  to  the  genius  of  George  Ciivier— that  I 
wish  to  impress.  Suffice  it  to  say  that  all  animals  are  either 
vertebrated — possessed  of  a  backbone ;  artietdated — with  an 
external  horny  crust,  composed  of  rings,  like  insects,  lob- 
sters, and  worms;  molluscous — with  soft  bodies  like  sings, 
very  often  covered  by  a  shell,  like  snails  and  oysters ;  or 
radiated — with  bodies  composed  of  parts  somewhat  sym- 
metrically arranged  on  all  sides  with  reference  to  the  cen- 
tre, like  the  starfish  and  corals.  I  have  named  the  most 
striking  character  which  distinguishes  each  of  these  great 
branches  of  the  animal  kingdom.  All  the  other  parts  con- 
form to  these ;  indeed,  the  basis  of  each  peculiar  plan  is  laid 
in  the  nervous  system,  at  a  very  early  period  of  embryonic 
development ;  and  the  hard  parts — the  bones  and  external 
crnst — are  moulded  to  this,  so  that,  though  the  real  basis 
of  these  distinctions  is  hidden  from  view,  the  external  form 
and  proportions  become  always  an  infallible  exponent  of 
the  fundamental  plan. 

Three  of  these  fundamental  plans  are  called  into  requisi- 
tion in  the  constitution  of  the  very  first  population  of  our 
globe,  omitting  any  consideration  of  the  little-known  ex- 
istences of  the  EozoicTirae.  The  coral  was  a  radiate;  the 
Lingula  was  a  mollusc ;  the  trilobite  was  an  articulate. 
The  fourth  plan  was  drawn  upon  before  the  close  of  the 
first  great  period  of  animal  history,  and  was  realized  in  the 
form  of  a  fish. 

In  the  veiy  first  chapter  of  the  book  of  Nature,  then,  we 
i-oad  the  announcement  of  a  programme  which  is  still  in 
process  of  execntion.  The  type  of  the  primeval  coi'al  has 
sprouted  into  the  sea-anemone,  the  sea-nettle,  and  the  star- 
fish. The  type  of  the  Lingula  has  been  degraded  into  the 
Bryozoan  and  numraulite,  and  expanded  into  the  clam,  the 
snail,  and  the  cuttle-fish.  The  type  of  the  trilobite  has 
vai'ied  into  the  worm  below  and  the  insect  above  ;  while 
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B  vertebrate  type,  beginning  with  the  fish,  has  developed 
bto  the  feptile,  the  bird,  the  quadruped,  and  man. 
Nor  doea  method  end  here ;  nor  the  method  which  had 
LitB  first  announcmnent  on  the  morning  of  animal  existence. 

■  1  have  already  alluded  to  the  varied  conditiona  under 
Iwhich  animal  life  presents  itself— the  varioua  ends  with 
I  reference  to  which  animals  have  been  modified — some  to 

■  swim,  some  to  fly,  some  t^  climb,  some  to  burrow;  some 
fefor  exalted  powers  and  active  habits,  others  for  a  degraded 

md  sluggiah  existence.  Each  fundamental  type  has  been 
moulded,  and  warped,  and  adapted  to  tliese  varied  ends  and 
^conditions  of  being.  At  the  same  time,  the  grand  charac- 
teristics of  the  type  have  been  conserved  even  in  the  ex- 
B.tremest  modifications.     The   modifications   of  the   funda- 

■  mental  plan  to  adapt  it  to  these  various  ends  are  class- 
(characters ;    and  we    thus   find  that  Katarc   has   herself 

Igrouped  the  members  of  each  branch  into  classes.     This 

Ktnethod  is  as  old  as  the  animal  creation.   .Kot  only  did 

M)h  creature  which  played  its  part  in  the  primordial  fauna 

ronform  to  one  of  the  four  fundamental  types  of  structure,. 

Hit  it  also  conformed  to  the  characteristics  of  one  of  the 

reconceived  class-modifications  of  that  type. 

Lastly,  each  class-group  is  composed  of  different  grades 

f  animals,  constituting  so  many  different  orders  within  the 

Himita  of  the  class.     This  gradation  of  ordinal  types  was 

pIso  recognized  in  the  organization  of  the  earliest  animals. 

Thus  the  whole  plan  of  creation  was  mapped  out  to  the 

j.miod  of  the  Creator  in  the  beginning.    We  eliall  see,  as  we 

Lproeeed  with  our  sketches  of  the  history  of  creation,  that 

tevery  step  in  the  evolution  of  continents,  and  the  estab- 

■lishment  of  a  home  for  the  coming  man,  was  a  movement 

a  definite  direction,  effected  by  forces  chosen  from  the 

rst,  and  shaped  always  with  reference  to  exigencies  which 

rere  to  arise  in  the  far-distant  future.     We  shall  see  how 
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the  simple  animal  forms  of  the  primeval  ocean  embodied 
in  themselves  germs  which  were  capable  of  unfolding  into 
the  richest  variety  of  adaptations  and  the  most  exalted  ca- 
pabilities. There  can  be  no  nobler,  no  more  instructive  and 
inspiring  employment,  than  to  stand  where  we  do,  at  the 
end  of  this  long  history,  and,  looking  back  upon  it,  catch 
its  method,  and  reproduce  in  our  own  minds  the  sublime 
conceptions  of  the  Architect  of  the  World. 


THE  GARDEN  OF  UTONS  LILIES. 


CHAPTER  X 

THE   GABDEN   OF   STONE   LILIES. 

WE  have  wandered  down  through  the  fievy  mazes  of 
the  prsesedimentary  ages  of  the  world,  and  have 
seen  the  granite,  the  quartz,  feldspar,  and  mica,  the  hom- 
hleude,  and  other  first-born  products  of  primeval  refrigera- 
tion organizing  themselves  in  obedience  to  the  molecular 
forces  of  Nature;  we  have  witnessed  the  flooda  descending, 
and  cubic  miles  of  sediments  settling  in  the  bed  of  the 
EiJzoic  sea;  we  have  gazed  upon  the  first  flickeringa  of 
animated  existence,  and  have  noted  the  fact  that  while 
Kature  established  the  procession  of  organic  being  with 
the  four  sub-kingdoms  of  animals  nearly  abreast  of  each 
other,  the  van  of  each  was  led  by  some  of  the  weakest  and 
most  abnormal  forms  which  have  ever  appeared  within  the 
circle  of  their  respective  types. 

The  conditions  of  existence  during  the  St  John's  and 
Potsdam  periods  must  have  been  somewhat  uniform  under 
all  meridians.  No  continents  existed  to  divert  the  tidal 
current  into  cooler  or  warmer  latitudes,  or  nnequalize  the 
temperature  of  the  atmosphere  by  their  superior  power  of 
absorbing  and  radiating  heat.  The  leading  types  of  exist- 
ence were  trilobites — exhibiting  a  close  relationship  with 
each  other  on  whichever  side  of  the  world  we  exhume  their 
mummied  forms — and  some  inferior  brachiopods,  which  are 
almost  identical  in  species  at  St.  Petersburg,  and  at  Keeae- 
ville,  New  York.  We  have  seen  that  the  central  portions 
of  the  American  continent  constituted  at  this  time  a  vast 
basin  of  shallow  water,  the  rim  of  which  extended.  sAV 
E2 
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around  the  frontier  of  the  Middle  and  Noithem  States. 
In  this  magnificent  lagoon  the  Iron  Moimtaiii  of  Missouri 
loomed  up,  aa  it  now  does — an  island  of  metal — the  apex 
of  an  iron  cone,  whose  base  rests  broadly  and  deeply  on 
the  molten  ocean  which  floats  kingdoms  and  continents 
from  the  past  eternity  to  the  future.  Around  its  sloping 
flanks  the  sediments  of  the  Potsdam  period  accumulated  in 
horizontal  layers,  which  to-day  may  be  witnessed  abntting 
against  the  dark  sides  of  the  emerging  cone  of  metal.  A 
few  other  isolated  points  had  thus  early  been  bom  from 
the  abyss. 

In  such  a  sea — a  shorelesfl  sea — lived,  and  lived  in  hap- 
piness, those  problematical  fonns  called  trilobites,  whose 
remains  have  been  opened  from  the  solid  rocks  of  Wis- 
consin, Vermont,  Canada,  and  hundreds  of  other  localities. 
Rather,  on  such  a  submarine  platform  they  sported  their 
day,  for  on  all  sides — certainly  toward  the  east,  south,  and 
west — the  waters  deepened,  as  now,  to  an  almost  unfath- 
omable depth,  to  whose  dark  recesses  life  never  gropes  its 
way  {Fig.  38). 

In  the  progress  of  the  earth's  preparation  this  act  of  the 
drama  closed,  and  the  curtain  fell  upon  the  scene.  "The 
curtain  rose,  and  the  scene  was  changed."  The  beings 
which  teemed  in  the  waters  of  the  preceding  epoch  were 
buried  in  the  mina  of  a  convulsion  which  marked  the  ad- 
vent of  a  new  JEon.  Not  an  individual  of  any  of  the  former 
species  outrode  the  storm.  But  the  sea  is  now  quiet  again 
— more  quiet  than  before.  The  waters  are  clearer.  The 
floor  of  the  ocean  has  settled  a  few  hundred  feet  deeper, 
and  the  conditions  of  oar  planet  are  changed.  Lo !  now 
the  clearer  and  quieter  waters  are  teeming  with  myriads 
of  new  existences,  some  of  which  reproduce  the  family  feat- 
ures of  the  beings  of  the  preceding  period,  wliile  others  are 
fonns  now  first  revealed  upon  our  planet.     Whence  come 
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siBsippi,  flourished  on  the  great  Bubmarine  plateau  luxufi- 
ant  plaiitationB  of  these  little  lily-animals.  And  these  were 
interspersed  with  other  plant-like  forms — the  coral  animals 
— which  reared  their  marble  domes  and  uplifted  their  ar- 
borescent structures  upon  the  same  soil  which  supported 
the  encrinite  and  formed  the  grazing-ground  of  tribes  of 
molluacouB  beings. 

"  Deep  ia  Che  wave  iu  a.  coml  erove, 

Where  the  parjile  mullet  luid  guldQeh  rove ; 

Where  the  eea-flowDr  Bpreads  its  leaves  of  bine, 

That  never  ore  wet  with  falling  dew, 

But  in  bright  and  changeful  l)eaatf  shine, 

Far  down  in  the  green  and  grassj  brine. 

The  floor  is  of  sand,  like  the  mountain  drift, 
And  tbe  pearl-sheUs  spajiglo  tbe  flinty  enow ; 

From  coral  rocks  the  sea-|jknlB  lift 
Their  boughs  where  tlie  Itdea  and  billuwu  Huw  ; 

While  far  below  in  the  peaceful  sea 

TbBTJiTple  mullet  and  goldfish  rove, 
Where  the  waters  monour  tranquilly 

Xhrougli  the  bending  twigs  of  tbe  uoral  grove."  % 

Here  was  beauty,here  was  sensitive  enjoyment,  lavished 
by^atnre  npon  these  humble  forms  at  this  remote  age  of 
the  world,  and  in  these  "  dark,  unfath- 
omed  caves  of  ocean,"  with  the  same 
liberal  hand  which  adorns  the  modern 
landscape  for  the  admiration  of  intelli- 
I  gent  man.  Here  again  were  trilobites 
—not  tbe  same  species  as  had  been 
swept  from  being  by  the  convulsions 
which  marked  the  close  of  the  last 
epoch — but  articulated  animals,  con- 
formed to  the  same  family  plan  and 
features  as  their  extinct  predecessors, 
yet  as  easily  distinguished  as  a  wasp 
from  a  bnmble-liee.     And  what,  utij] 


Fig.  41,  Aisphua  ^ 
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are  these  new  and  anomalous  forms,  which  move  their  sul- 
len and  sinister  visages  among  the  other  tribes  with  the 
mien  of  conscious  and  insolent  superiority?  Predaceous 
creatures,  they  despoil  at  a  meal  the  most  beautiful  bed  of 
encrinites,  while  the  trilobite,  alarmed,  shoots  with  a  quick 
stroke  of  his  tail  under  cover  of  some  coral  crag.  These 
are  Orthoceratites,  They  were  so  numerous  and  powerful, 
being,  withal,  the  monarchs  of  the  period,  that  we  must 
pause  to  look  into  their  family  connections. 
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CHAPTER  XL 

TUE   FAIET   BAILOR   AND   BIS   COUSINS. 

7"H0  Las  not  heard  of  the  argonaut,  or  paper  nautilus? 
One  of  the  most  vivid  recollections  of  our  early  read- 
Big  presents  ns  with  a  little  boatman,  in  his  "  shelly  bark," 
~     ^^^^m  wafted  over  the  placid  surface 

J^^^^Lg^^^  of  »  summer  sea.  With  tiny 
^^^^M^H^H^^^  sail  upraised,  the  favoring 
^^^^B^^^H^^^^^L  breeze  bears  him  sccuroly  ou- 
^^^^^^^^^^^^■r  ward ;  but  let  the  winds  escape 
'f^KB^^^^BF  froiD  their  ..^olian  caves,  and 
^^H^HHP^  the    billows   wake   from   their 

pis.«.Tb.Pap.rN«.,iiT,»(^n7-    ^'■^"^'^    slumbers,    and    down 
nantaArpo).  glides   our  tiny  boatman  with 

his  shelly  bark,  and  finds  a  safe  retreat  among  the  marble 
corridors  of  the  raillepores  and  the  madrepores.  Montgom- 
ery, in  bis  "  Pelican  Island,"  has  thus  embalmed  the  fable : 

"  Light  as  a  flaks  of  ianm  upon  the  wind, 
Keel  npward,  from  the  deep  emerged  a  shell, 
Shaped  like  tlie  moon  ere  half  her  orb  is  filled. 
Fraught  with  young  life,  it  righted  as  it  rase, 
And  moved  at  will  along  tlie  pelding  wave. 
The  native  pilot  of  this  little  bark 
Put  oat  a  tier  of  oars  on  either  side, 
Spre^  to  the  wafting  breeze  a  tivofuld  snil, 
And  mounted  up  and  glided  down  the  hiilow 
In  hnppy  freedom,  pleiiwd  to  feel  the  air. 
And  wonder  in  the  luxury  of  liglit." 

It  seems  a  pity  to  spoil  so  pretty  a  fable,  and  one,  too, 
that  has  lived  since  the  days  of  Aristotle.  But  the  fable 
of  the  argonaut  has  been  spoiled  by  the  industry  of  a  lady. 
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Madame  Jeannctte  Power,  a  French  lady  residing  in  Sicily, 
has  tranemitted  to  the  learned  societies  of  Europe  accounts  | 
of  obaervationa  made  by  lierself  upon  the    argonaut  of 
the  MediteiTanean, 
which    prove    that 
the  "native  pilot" 
ia  the  rightful  and 
original   owner    of 
the  "little  bark," 
while  the  latter,  in- 
stead of  being  do- 
voted  to  the  pur- 
poHe9»of  fairy  navi- 
gation, is  but  a  coat 
of  mail  for  protec- 
tion   against    ugly 
foes,  and  the  "  two- 
fold sail"  is  the  "  naantle"  extended  over  tlie  animal's  back,   ' 
a  secretion  from  which  forma  and  enlarges  the  shell  with 
the  growth  of  the  anim;il.     The  propulsive  power  of  the 
animal,  inatea  \  of  ^ol  an  "breezea,  ia  a  jet  of  water  squirt- 
ed from  a  t  be  or     f  nnel,"  which,  like  a  rocket-power, 
drives  the  argo  a  t  I  ^ckwa^d ;  and  its  "  tier  of  oars" 
used  with  the  in  mal    nverted,  crawling,  like  a  snail,  with  I 
his  house    pon  h  s  ba  k. 

Something  still  more  familiar  to  every  reader  is  the  | 
"cuttle-fiah  bone,"  which  the  apothecary  sells  for  canaries. 
This  substance  is  not  a  "bone,"  and  does  not  come  from  a 
"fiah,"  but  is  a  radimentary  shell  formed  beneath  the  skin 
which  covera  the  back  of  a  molluscoua  animal.  The  cala- 
marioa  are  similar  to  the  cuttle-fiahos,  but  their  shell  is 
horny  instead  of  stony.  The  poulp,  or  cuttle-fiah  of  the 
southern  coast  of  Europe,  has  been  longest  known.  It  was 
called  "polypns"  by  Homer  and  Aristotle,  because  it  has 
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my  feet  or  arms.     The  aspect  of  all  those  animalB  is 
range  and  uncouth  (Fig.  44).     TLeir  staring  eyes,  their 


Pig.  44  The  Eight- 


long  and  flexible  arms,  and  their  formidalile  pair  of  sharp 
and  horny  raandihles,  combine  to  render  them  nnpleasant 


^     lis*! 
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eighbors.     Surrounding  the  mouth  is  a  circle  of  eight 
rpDg  antiB  many  tinieB  the  length  of  the  body,  whila 
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staring  out  from  either  side  of  the  head,  betw  n  the  b 
of  the  arms,  is  a  pair  of  large  glassy  eyes,  wh  h  b  nd  a 
shudder  over  the  beholder.  At  the  bottom  of  the  s  the 
poulp  turns  its  eight  arms  downward,  and  walk  like  a 
huge  submarine  spider,  thrusting  its  araia  into  the  c  e  ces 
of  the  rocks,  and  extracting  thence  the  luckless  crab  that 
had  thought  itself  secure  in  its  narrow  retreat  {rom  the 


attacks  of  so  bulky  a  foe.  This  is  the  "Devil  Fish"  so 
graphically  but  so  unscientifically  described  by  Victor 
Hugo.  Each  of  the  arms  is  covered  with  what  are  called 
suckers,  designed  for  producing  adhesion  to  the  object 
grasped.  Each  sucker  consists  of  a  little,  elevated,  circu- 
lar horny  ridge,  forming  a  little  cup,  closed  at  the  bottom 
by  a  flexible  membrane  which  is  attached  to  the  arm  by  a 
stenL  The  consequence  is,  that  when  the  arm  is  pressed 
upon  an  object,  the  bottom  of  each  cup,  like  a  pistou,  is 
pressed  inward  by  the  action  of  the  stem,  or  piston-rod, 
which  is  moved  by  the  pressure  of  the  arm.  The  effort  to 
escape  from  the  grasp  of  this  arm  withdraws  the  piston 
back  to  the  bottom  of  the  cup,  thus  producing  a  vacuum 
within,  and  causing  a  suction  which  effectually  retains  the 
object.    Could  any  piece  of  mechanism  be  more  admirable  ? 
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Tfie  poulp,  also  called  octopus  (eight-footed),  sometimeB 
attains  a  formidable  size,  and  sailors  relate  terrible  stories 
of  those  found  in  the  African  seas.        thk^^      nWamii 
According  to  Denys  de  Montfoit,       l/fMS^m^mtusi^  I 
Dens,   a    navigator,  avowed  that 
while  three  of  his  men  were  en 
gaged  in  scraping  the  side  of  the 
ship,  one  of  these  monstera  reached 
up  from  the  water  its  long  and 
flexible  arm^nd  drew  two  of  thi, 
men  into  the  sea.     One  was  never 
rescued,  and  the  other,  after  his 
cape,  became  delirious   and  diel 
This    was    probably    a    "  saih  1 
yam,"  since  the  Frenchnian  v.h-> 
narrated  it  afterward  i-epresentcd 
a"Kraken  octopod"  in  the  act  of 
scuttling  a  three-master  (Fig.  46)     | 

and  told  M.  Defrance  that,  if  thib  p  

were  "swallowed,"  he  would,  in  hia     ^^)lf  fholiin^T'*™  ^ 
next  edition,  represent  the  monster     """■  »"*  """^  ^p^' 
embracing  the  Straits  of  Gibraltar  or  capsizmg  a  whole 
squadron  of  ships.     Little  reliance  as  can  be  placed  m  the    i 
marvelous  stories  of  "those  who 
go  down  to  the  sea  in  sbips,"  It 
is  well  authenticated  that  some   1 
of  these  octopods  attain  fearful    1 
dimensionSjbcing  the  largest  in- 
vertebrates known.     Milne-Ed- 
wards, an  eniinent  Parisian  nat- 
uralist, has  expressed  the  eon- 
^ciusd'^'dfambe^rld'S'^St' ih*  miction   that    the    unexplored 
Trenton  period.  depths  of  the  ocean  conceal  the 

forms  of  octopods  that  far  sui-pass  in  magnitude  any  of 
i  the  species  known  to  sciciK-c. 
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The  common  cuttle-fish  of  our  own  coast  is  a  much  raore 
liarmlcBs  iinimal,  iittaiiiing  a  length  of  aaXj  ten  or  twelve 
inches.  The  calamaiy  ot 
New  York  Harbor  has 
ten  arms,  two  of  which 
are  much  longer  than 
the  others. 

The  reader  is  proba- 
bly familiar  with  the  se- 
.  pia  used  Stinting  with 
water-colors.  This  is  the 
ink  of  the  cuttle-fiah  and 
its  allies.  It  is  preserved 
by  the  animal  in  a  little 
the  approach  of  danger, 
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bag,  from  which  it  is  ejected 
thus  producing  a  cloud,  under  cover  of  which  the  animal 
escapes.  Here  is  the  prototype  of  the  fog  which  sophistry 
raises,  and  under  cover  of  which  it  retreats,  when  finding 
itself  in  unequal  conflict  with  ti-uth.  India  ink,  it  has  been 
stated,  is  manufactured  by  the  Chinese  frora  the  same  sub- 
stance, though  it  is  probable 
they  employ  only  lampblack 
and  glue,  or  vegetable  gum. 
The  ink-bags  of  some  ancient 
cuttle-fishes  have  been  found 
in  a  fossil  state.  Dr.  Buck- 
land  had  drawings  of  extinct 
species  executed  in  their  own 

int,  "  '"Mnraiiaii  Orunp, 

These  all  are  cephalopoda,  the  first  class  among  mol- 
luscs, the  aristocracy  of  shellfieh,  often  exercising  domin- 
ion over  beings  with  higher  intelligence,  hut  a  weaker  arm, 
just  as  brawny  force  has  always  done.  But  the  forms  de- 
scribed belong  to  the  highest  of  the  two  orders  of  the  class. 
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[  None,  Bave  tho  "  paper  nautilus,"  have  had  external  shells. 

I  The  animalB  of  the  lower  order  are  incased  in  shells  which 
J  long,  tapering  tubes,  divided  at  regular  intervals  by 

I  tranaverse  partitions.    The  paper  nautilus  and  his  allies 
I    all  lived  in  a  later  age   of  the 

1  world  than  that  of  which  I  have  been 

\  speaking.    The  "pearly  nautiliTs"  is  the 

'  only  living  representative  of  the  lower 
order — an  order  which  swarmed  in  the  . 
seas    of  the  Paleozoic    and  Mesozoic 

I   Times.     The  pearly  nautilua  is  closely 

I  coiled  (Fig.  46) ;  its  shell  is  divided  at 

*  frequent  intervals  by  smooth  paititions 
interiorly,  the  animal  occupy- 
ing only  the  space  in  front  of  the  last 

'  one.    A  shelly  tube  runs  through  the 

I  middle  of  all  these  chambers  id  the  fal*- 
ther  extremity  of  the  shell.  Through 
this  a  ligament  passes  from  the  body  of 

'  th6  animal,  and  anchors  it  securely  in 

1^  the  last  chamber.     This  tube  \&  called 

[  the  siphon.     Such  is  the  structure  of 
the  pearly  nautilus,  which  may  be  seen     ,?i  "iKhi-*r"an 
n  nyriads,  on  a  calm  day,  floating  on     o?Me'»Zl^*^,^^ 

L  the  surface  of  the  waters  of  the  South     ifefanSiy?    "        ™' 

I  Pacific. 

The  reader  will  certainly  thank  me  for  introducing  here 

I'S  beautiful  poem  on  "  the  Chambered  Nautilus,"  though  the 

Fanthor  has  committed  the  error  of  supposing  it  was  this 

I  species  of  nautihis  to  which  the  Aristotelian  fable  of  the 

ffeiry  sailor  applied. 

"  This  is  Ihe  sliip  of  pearl,  whiuh,  poets  feign, 
ShiIs  I  he  tiDshadon'ed  main- 
is  bark  that  flings 
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On  the  sweet  summer  wind  its  purple  wings, 
In  gulfs  enchanted,  where  the  siren  sings, 

And  coral  reefs  lie  bare, 
Where  the  cold  sea-maids  rise  to  sun  their  streaming  hair. 

"  Its  webs  of  living  gauze  no  more  unfurl ; 

Wrecked  is  the  ship  of  pearl ! 

And  every  chambered  cell, 
Where  its  dim  dreaming  life  was  wont  to  dwell, 
As  the  frail  tenant  shaped  his  growing  shell, 

Before  thee  lies  revealed — 
Its  irised  ceiliiig  rent,  its  sunless  crypt  unsealed ! 

"  Year  after  year  beheld  the  silent  toil 

That  spread  his  lustrous  coil ; 

Still,  as  the  spiral  grew, 
He  left  the  past  year's  dwelling  for  the  new. 
Stole,  with  soft  step,  its  shining  archway  through. 

Built  up  its  idle  door. 
Stretched  in  his  last  found  home,  and  knew  the  old  no  more. 

"  Thanks  for  the  heavenly  message  brought  by  thee. 

Child  of  the  wandering  sea. 

Cast  from  her  lap  forlorn ! 
From  thy  dead  lips  a  clearer  note  is  bom 
Than  ever  Triton  blew  from  wreathed  horn ! 

While  on  my  ear  it  rings. 
Through  the  deep  caves  of  thought  I  hear  a  voice  that  sings ; 

'*  Build  thee  more  stately  mansions,  oh,  my  soul, 

As  the  swift  seasons  roll ! 

Leave  thy  low-vaulted  past  I 
Let  each  new  temple,  nobler  than  the  last. 
Shut  thee  from  heaven  with  a  dome  more  vast. 

Till  thou  at  length  art  free, 
Leaving  thine  outgrown  shell  by  hfe's  unresting  sea!" 

The  "  pearly  nautilus"  exemplifies  the  structure  of  a 
"  chambered  shell"  Such  shells  in  their  endless  variations 
played  a  most  conspicuous  part  in  the  history  of  ancient 
life,  though  one  genus  alone  survives^  to  recite  the  glory 
and  illustrate  the  economy  of  his  cephalopodous  ancestors. 
The  variable  elements  in  the  shell  are  the  form  of  the  sep- 
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turn,  the  position  of  the  siphon,  and  the  plan  of  enrollment. 
The  septum  may  be  plain,  or  angulated,  or  lohed,  or  folia- 
ted ai'ound  its  onter  margin.  The  siphon  may  be  external, 
or  interna],  or  central.  Tlie  enrollment  may  be  close,  loose, 
half-coiled,  arcuate,  or  straight.  Of  how  many  combina- 
tions, three  in  a  set,  do  these  characters  admit  I  And  yet 
almost  every  possible  combination  has  been  realized  in  the 
history  of  the  world.  In  the  earliest  periods  were  the  spe- 
cies with  simple  septa  and  straight 
shells  (orthoeeratite3,Y\g.  47);  next 
came  those  with  simple  septa  and 
coiled  shells  {Nautili,  Fig.  48)  j 
then  those  with  angulated  septa 
and  coiled  shells  ( Ciymema,  Fig. 
I  49) ;  then  those  with  lobed  septa 
and  coiled  shells  ( GoniatUea,  Fig. 
50) ;  lastly  appeared  those  with  fo- 
liated or  very  complicated  septa. 
Fig.  62.  AmiDoniwB  canaiiciiio-  with  their  straight  (Bofiidites,  Fie. 

tua.     A  ct;Binbered  shell  of  o        \      -»  i      -o 

tho Meaozoic Agea,  5i)^  arcuate   (Samiles),  closely 

(Ammonites,  Fig,  52),  and  varitusly  coiled  forms.  So  we 
see  that  in  the  various  ages  of  the  world,  some  type  of 
"chambered  shells"  has  constituted  a  leading  character- 
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istic  of  the  marine  fauna.     One  thiDg  which  is  very  i-e-           H 

markable  Jb  the  fact  that  the  esietiDg  peariy  nautilus  is             ^ 

^^ 

closely  related   to   the               ■ 

flB          „3    moBt   ancient   formB  — a            M 

■ 

Bpecimen  creature  of  pri-           ^M 

W^m           »    meval  times— the  key  to          ^1 

■ 

the  inscriptions  ou  the  pre<          ^1 

^^       f^l              ^    adamite  roeka.    The  ortho-           ^| 

■^^J|^|  ^^H    ^    ceratites  were  nautili  with            ^| 

■T 

straight  shells.   They  were            ^M 
the  "carnivora"  of  the  sea.           ^M 
They  often  attained  to  for-          ^| 

j^^k             ^    midable  dimensiona.     I           H 

H|H          .'^.    have  found  remains  of  in-            V 
H^l        -gl    dividual  on  Sc.  Joseph's            1 
J^^M         <i    Island,  in    Lake   Huron,              M 

I^^H        1  'g     which  wei-e  twelve  feet  In            'J 

Id 

^raHV        ^  1    l'i"g<^>i-    A  reliable  gentle-            H 

■    ^[^1          S 1    man  of  Utica,  ^ew  York,            ^| 

HH  r 

informed  me  that  lie  had          ^M 

Hj^^H      :j~ 

traced  one  in  the  "BUck          H 

H|^^H         ^^    River  Limestone"  to  the          ^H 

distance  of  thirty-two  feet!            ^M 

W^HH             s    Imagine  a  hollow  cone  of              H 

B^n             ,:^    limcetODe,  of  the    dimen-              | 

^■1            ^    eions  of  a-"8aw-lDg,"am-            ■ 

H 

mated,   with    a   "Kraken 

1        W 

octopod"  ensconced  in  the 

1        M 

open    end,   staring   with 

t         M 

glassy,  sinister  eyes  to  the 

1          n 

right  and  left,  and  numer- 

fl           1\ 

■    ouB  slimy,  muscular,  insin- 

U 

uating  arras  feeling  in  ev- 

» 

ery  direction  for  their  prey. 

1 

^     ». 
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Is  not  this  an  enemy  from  which  the  lesser  tenants  of  the 
deep  would  flee  without  pausing  to  raise  the  question  of 
supremacy  ?  These  monsters  maintained  the  ascendency 
till  the  introduction  of  fishes,  toward  the  close  of  the  Upper 
Silurian,  or  later.  Their  decline  dates  from  this  epoch ;  and 
when  the  voracious  fishes  of  the  Old  Red  Sandstone  and 
the  Carboniferous  Limestone  came  upon  the  stage  of  being, 
the  orthoceratites  dwindled  away.  Their  last  representa- 
tives barely  saw  the  rising  of  Mesozoic  Time.  Not  a  trace 
of  a  straight  plain-chambered  shell  has  been  found  in  any 
of  the  rocks  above  the  Trias.  They  fulfilled  their  end  in 
creation  and  retired.  Other  carnivorous  animals  of  a  high- 
er order  were  better  adapted  to  the  advancing  state  of  the 
earth's  preparation.  Garpikes  appeared.  A  new  dynasty 
arose,  to  be  in  turn  overthrown  by  the  dynasty  of  the  Me- 
sozoic reptiles. 

F 
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CHAPTER  Sn. 

ONWARD  TIIKOUGH  THE    AGES. 

THE  evening  shades  of  oae  of  eternity's  aaons  are  gath- 
ering around  ua.  The  darkness  upon  which  we  are 
I  entering  ia  the  gloom  of  a,  tempest  and  the  night  of  death 
I  to  the  teeming  populations  of  the  globe.  A  throe  of  Nature 
1  heaves  still  higher  the  germinal  ridges  of  the  continent, 
robs  the  ocean  of  another  strip  of  his  domain,  and  seals  up 
I  the  record  of  the  life  of  the  Lower  Silurian. 

The  elevation  which  marked  the  close  of  this  great  inter- 
I  val  of  terrestrial  history  brought  to  light  the  basin  of  Lake 
Superior,  Northern  Wiacoiiain,  and  Minnesota,  the  northern 
and  eastern  portions  of  New  York,  and  considerable  por- 
tions of  Now  England.    The  line  of  sea-coast  passed  west- 
ward through  Central  New  York,  along  the  bed  of  the 
future  Lake  Ontario,  thence  northwestward  to  Georgian 
Bay,  following  the  trend  of  the  future  Lake  Huron,  sweep- 
[  ing  round  by  the  Sault  Ste.  Marie,  and  arching  downward 
again  through  Wisconsin  along  a  line  a  few^miles  west  of 
\  the  present  Lake  Michigan.     Thence  it  swept  westward 
k  and  northwestward  in  the  direction  of  Lake  "Winnipeg  and 
I  the  Arctic  Sea.    All  to  the  sonth  of  this  line  was  yet  the 
I  empire  of  the  Atlantic.     On  those  vast  submarine  plains 
'  the  Pacific  joined  hands  with  the  Atlantic,  and  the  two 
Bang  dirges  over  the  land  that  was  to  become  the  scene 
of  fi'aternal  conflict. 

It  might  weary  the  casual  reader  of  geological  history 
to  recite  the  details  of  the  periods  which  follow.  What 
has  been  nan-atod  of  the  birth  and  death  of  populations 
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Fijf.  56.  What  the  North  Amerxan  Continent  had  become  at  the  end  of  the 
Silurian  Age.  (The  modern  continent  is  indicated  by  dotted  lines ;  the 
rivers  by  broken  lines.) 

during  the  Lower  Silurian  Age  will  answer  for  a  represen- 
tation of  the  nature  of  the  events  which  followed  during 
the  Upper  Silurian  and  Devonian  ages.  Successive  extinc- 
tions, wrought  by  the  lapse  of  time,  or  by  violent  geological 
revolutions,  followed  by  successive  creations  of  higher  and 
higher  forms,  and  the  annexation  of  successive  belts  to  the 
pre-existing  land — these  constituted  the  great  secular  feat- 
ures of  the  world's  history  down  to  the  dawn  of  the  period 
when  air-breathing  animals  were  to  have  birth  (Fig.  56). 

The  first  period  of  the  Upper  Silurian  was  that  during 
which  the  Niagara  limestone  was  accumulated — a  foriftas- 
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Fig.  DC 


tion  through  which,  with  others,  the  Niagara  Kiver  has  cut 
its  way.  In  another  connection  I  shall  have  somethiog 
farther  to  say  in  reference  to  this  Btupendous  piece  of 
Nature's  engineering.  From  the  falls  of  Niagara  the  out- 
cropping belt  of  this  limestone  runs  in  lines  parallel  with 
those  just  traced.  It  forms  the  promontory  of  Cabot's 
Head,  and  the  peninsula  separating  Georgian  Bay  from 
Lake  Huron.  At  this  point  the  foi-mation  has  succumbed 
to  the  attacks  of  the  waves,  and  disappears  in  its  north- 
westward ti'end  beneath  the  water  of  the  lake.  Cropping 
ont  again,  it  forms  the  remarkable  chain  of  the  Manitoulin 
Islands,  in  the  northern  part  of  Lake  Huron,  including 
Drummond's  Island.  Beyond  St.  Mary's  River  it  forms  a 
"  point"  and  a  peninsula,  the  counterparts  of  Cabot's  Head 
and  the  peninsula  to  the  south  of  it.  Running  westward, 
and  then  southwest  ward,  it  establishes  a  continuous  barrier 
to  Lake  Michigan  along  the  northern  and  western  borders, 
constituting  the  rocky  ridge  which  isolates  Green  Bay 
and  Bay  de  Noquet  from  the  gi-eater  lake.     It  follows  the 


shore  of  Lake  Michigan  to  Chicago,  and  even  to  Joliet, 
when  it  bends  westward  and  northwestward,  and  loaes 
itself  beneath  the  accumulations  of  a  later  period.  The 
quarries  at  Lockport,  New  York,  and  many  others  in  that 
vicinity,  are  located  in  this  important  limestone.  In  the 
same  formation  are  those  at  Milwaukee,  Waukesha,  Chi- 
cago, Laraont,  and  Joliet.  The  so-called  "Athens  Marble," 
80  extensively  employed  in  Chicago,  is  quarried  from  this 
formation.  It  much  resembles  the  famous  "  Kentucky  Mar- 
ble," from  which  the  beautiful  monument  and  statue  to 
Henry  Clay,  at  Lexington,  ia  built — though  the  latter  cornea 
from  the  Trenton  group,  in  the  Lower  Silurian. 

The  second  period  was  that  of  the  Salina  group,  whicli 
has  become  famous  for  the  production  of  salt  and  gypaum, 
in  the  vicinity  of  Syracuse,  New  York.  Its  outcropping 
belt  runs  in  a  line  parallel  with  that  of  the  Niagara  lime- 
stone throughout  its  whole  course,  as  far  aa  Milwaukee.  I 
shall  hereafter  offer  some  explanation  of  the  circumstances 
imder  which  salt  and  gypsum  have  accumulated  to  such 
an  enormous  extent  in  certain  formations. 

The  third  period  was  that  of  the  Lower  Helderberg 
group,  which  is  not  found  to  be  generally  spread  out  over 
the  country  like  the  other  two.  In  New  York  it  is  esp^ 
eially  developed  in  the  Helderberg  Mountains,  where  Pro- 
fessor Hall  has  obtained  a  rich  harvest  of  organic  remains. 
It  was  here  that  he  found  the  type  of  that  magnificent 
crinoid,  which  he  so  beautifully  named  ^arjacr/Tiws,  in  com- 
memoration of  the  assistance  and  sympathy  of  his  accom- 
plished wife  in  his  life-long  scientific  labors.  It  thins  out 
and  disappears  in  Western  New  York.  This  group  is  known 
again  in  Southern  Illinois,  where  it  has  been  brought  to 
light  by  the  indefatigable  and  well-directed  labors  of  Pro- 
fessor Worthen ;  and  in  Missouri,  where  it  has  been  illns- 
.trated  by  Swallow  and  Shumard ;  and,  finally,  in  Maine^ 
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where  it  has  "h^nu  studied  by  Professor  C.  H,  Hitchcock,  and 
Mr.  Billings,  of  Montreal 

Thus  closed  the  Silurian  Age,  At  the  east  the  rocks  of 
this  age  are  marked  off  from  the  great  masB  of  overlying 
Devonian  strata  by  tlie  interposition  of  a  conglomerate — 
the  "  Oriskany  Sandstone,"  which  signalizes  the  confusion 
attendant  upon  the  change  of  scene.  At  the  West,  how- 
ever, this  formation  is  generally  wanting ;  and  we  find  the 
limestones  of  the  Comiferous  group  resting  upou  those  of 
the  Niagara  group,  except  where  the  Salina  rocks  intei-- 
■vene.  The  Comiferous  is  a  most  important  limestone  mass 
throughout  the  West,  It  merges  generally  into  the  cal- 
careous portion  of  the  overlying  "Hamilton"  strata,  and 
fonns  a  landmark  in  the  topography  of  the  country  no  less 
tha*  in  the  series  of  rocks.  In  this  limestone,  quarries  are 
worked  fi-om  Western  New  York,  In  the  latitude  of  Buffalo, 
through  the  contiguous  peninsula  of  Canada  to  Sandusky 
and  Columhus,  Ohio,  Monroe  and  Mackinac,  Michigan, and 
multitudes  of  points  in  Indiana,  Illinois,  and  Iowa.  These 
limestones,  like  all  others,  were  accumulated  in  the  bottom 
of  deep  and  quiet  seas.  Eaeh  successive  floor  has  been  the 
home  of  moving  myriads  of  sensitive  forms.  Every  layer 
o/ rocks  has  been  the  cemetery  of  many  generations.  Life 
teemed  especially  in  calcareous  and  placid  waters.  Such 
were  those  of  the  Comiferous  period  ;  and  these  limestones 
are  stocked  with  the  relics  of  ancient  dynasties — great  and 
small,  powerful  and  weak,  in  one  wide  hunal  confusedly 
blent.  Nor  yet  had  natui-e  dispensed  with  the  pattern  of 
the  trilobites.  Encrinites  were  still  in  vogue,  and  ortho- 
ceratitea,  and  all  the  various  phases  of  univalve  and  bivalve 
creation.  And  here — here  first  dawned  upon  our  planet  an 
animal  with  a  backbone — a  mere  fish,  but  yet  the  basis  on 
which  artist  Nature  has  moulded  successive  models  till  the 
form  of  man  shone  forth,  and  the  Omniscient  was  satisfied 
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to  stay  his  hand.  But  man  was  not  yet.  Ichthyio  life 
B  to  have  dawned  upon  our  earth  in  remarkable  pro- 
fusencBS.  The  bones,  and  plates,  and  jaws,  and  teeth  of 
fishes  large  and  email  have  been  cleft  from  the  Comiferoua 
limeatone  in  Canada,  Michigan,  and  Ohio.  Our  firet  au- 
thentic information  of  these  earliest  vertebrates  came  from 
Dr.  J.  S.  Newberry — equally  distinguished  in  the  service  of 
science  and  bis  country— and  wlio  has  very  recently  worked 
up  a  wonderful  collection  o-f  Devonian  fishes,  oreated  main- 
ly by  the  intelligent  industry  of  a  German  Methodist  min- 
ister. Rev.  Herman  Herzcr,  while  discharging  the  duties  of 
his  ministry  at  Delaware,  Ohio.  These  ancient  fishes  were 
only  the  avant-^ouHera  of  the  shoals  of  sharks,  and  stui^ 
geons,  and  garpikes  which  made  a  Golgotha  of  the  Old  Red 
Sandstone. 

The  closing  convulsions  of  this  epoch  upheaved  still 
higher  the  growing  continent,  and  depopalated  the  coral 
cities  of  the  S(5a  that  had  just  been  astir  with  being,  A 
pause,  and  another  epoch— the  Hamilton  epoch — followed, 
a  period  characterized  by  its  abundance  of  argillaceous 
sediments,  and  by  two  masses  of  black  bituminous  shale — 
the  "Marcellas"  at  the  bottom,  and  the  "Genesee"  at  the 
top,  with  the  more  calcareous  strata  between.  The  ab- 
sence of  the  "  Marceliua"  at;  the  West  has  dropped  the  lime- 
stones of  tliis  group  upon  the  top  of  the  Corniferoua  lime- 
stone, and  formed  the  appearance  of  but  a  single  mass. 
This  is  clearly  seen  in  the  extensive  quarries  upon  the  isl- 
ands in  the  western  part  of  Lake  Erie.  Indeed,  the  absence 
of  the  "  Oriskany"  at  the  West  has  brought  the  calcareous 
portions  of  four  groups  of  rocks  into  immediate  juxtaposi- 
tion. These  are  the  Niagara,  the  Salina,  the  Corniferons, 
and  theHamiiton.  Before  these  groups  were  correctly  dis- 
criminated, the  entire  masa  was  known  in  the  West  as  the 
"  Cliff  Limestone."     No  epoch  of  the  world's  history  ever 
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witnessed  a  greater  profiision  of  life  than  the  Hamilton. 
The  gerraa  of  being  were  thickly  etrewn  over  every  part 
of  the  ocean's  floor.  Chambered  shells  were  on  the  wane ; 
but  Brachiopods  and  new  forms  of  corals  sprang  forth  in 
exuberant  growth,  and  we  pick  their  fossil  forms  to-day, 
like  nuts,  from  the  dried  oeeau  mud. 

Another  aion  passes ;  llie  empire  of  the  sea  crumbles  be- 
fore the  conquest  of  the  land,  and  we  add  next  the  belt  of 
the  "Chemung  group"  to  the  growing  mai^ina  of  the  land. 
Toward  the  west  the  bottom  of  the  sea  experiences  at  this 
time  but  little  change  of  level,  and  the  Chemung  sediments 
abide  another  epoch  to  receive  upon  their  backs  the  sands 
and  mud  of  the  "  Waverly  group ;"  eastward,  however, 
new  land  is  made  by  an  extensive  uplift  of  the  sea  bottom. 
Thus  the  Empire  State  is  almost  completed ;  Wisconsin 
has  taken  her  place ;  the  centre  of  Michigan  is  occupied  by 
an  inland  sea.  The  great  ocean  washes  the  BOiitheastem 
shores  of  Ohio,  and  wild  waves  career  over  the  future  plan- 
tations of  the  prairie  farmer  in  Illinois.  Some  parts  of 
Eastern  Iowa,  and  Missouri,  and  Arkansas,  and  Northern 
Texas  begin  to  emerge,  but  the  boundless  waste  of  Pacific 
waters  is  still  at  work  upon  the  materials  of  Kansas,  and 
Nebraska,  and  the  regions  beyond. 

Among  the  accumulated  treasures  of  this  epoch,  behold 
the  fii'St  vestiges  of  an  arborescent  vegetation !  All  before 
this  had  been  fucoidal  in  its  characters.  Here  we  find,  im- 
bedded in  the  friable  sandstone,  some  stems  of  trees — pieces 
ofdrift-wood  floated  from  some  neighboring  shore,  and,  like 
the  dove  of  Noah,  bearing  us  tales  of  the  vegetation  upon 
the  land.  The  sandstones  of  Southern  Now  York  inclose 
such  records  of  the  vegetal  life  of  the  Chemung.  Corre- 
sponding sandstones  in  the  distant  peninsula  of  GaspS, 
Canada  East,  have  been  constrained  to  yield  similar  testi- 
mony from  their  locked  and  ancient  archives — thanks  to 


the  diligence  and  learning  of  Dr.  J.W.  Dawaon,  of  M'Gill 
College,  Montreal  How  sparse  and  desolate  must  have 
been  those  ibiTstst  Ko  voice  of  animated  nature  was  yet 
heard  among  those  scattered  pigmy  trees.  They  are  ar- 
borescent fenis  and  lycopodiuma — a  new  idea  incorporated 
in  vegetal  existence — hut  how  prophetic  of  that  which  is 
to  come !  Nature  always  issues  her  bulletins.  We  stand 
now  in  an  age  of  the  world  which  antedates  the  advent  of 
all  our  familiar  forms,  and  read  the  announcement  of  the 
coming  riches  of  the  Carboniferous  era.  A  stranded  log 
of  drift-wood  becomes  eloquent  in  the  utterance  of  pr» 
phetic  truth. 

Another  age  passed  which  the  scientific  world  hesitates 
to  attach  to  the  future  or  the  past.  Is  it  Devonian  or  Car- 
boniferona  ?  Throughout  the  West  the  sediments  of  this 
age  gave  rise  to  a  noticeable  fomiation  which  has  been 
styled  the  Marshall  group,  because  the  characteristic  rocks 
and  fossils  of  the  period  may  be  studied  at  Marshall,  in 
Michigan.  This  is  the  rock  so  extensively  worked  in  the 
vicinity  of  Cleveland,  and  at  Waverly,  Ohio.  It  furnish- 
es the  excellent  grindstones  of  Berea,  and  those  known  as 
Huron  grindstones  in  Michigan.  It  is  the  greenish  or  red- 
dish-yellow sandstone  occnrring  in  Southern  Michigan,  and 
trending  northward  into  the  bight  of  the  coast  which  sep- 
arates Saginaw  Bay  from  Lake  Huron.  It  underlies  the 
limestone  bluff  at  Burlington,  in  Iowa,  and  makes  itself 
known  at  numerouj  localities  throughout  the  nor tli western 
states.  In  New  York,  it  is  perhaps  the  formation  corre- 
Hponding  to  this  which  caps  the  Catskill  Mountains,  and 
has  hence  been  styled  the  Catskill  group.  It  covers  a  largo 
area  in  Northeastern  Pennsylvania.  In  this  formation, 
throughout  its  wide  extent,  are  found  the  scales  and  teeth 
of  fishes,  which  recall  the  relics  studied  by  Hugh  Miller  in 
the  quarries  of  Cromarty,  and  hence  we  have  been  inclined 
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i  believe  that  it  belongs  to  the  same  age  of  the  world. 
Bat  the  "  Old  Red  Sandstone"  of  Miller  is  generally  parti- 
Fidoned  off  with  Devonian  strata,  while  the  western  beds 
1  of  the  American  formation  abound  in  relics  which  recall 
the  life  and  times  of  Carboniferous  populations.  Indeed, 
though  some  excellent  authorities  persist  in  pronouncing 
the  Marshall  and  Waverly  rocks  as  belonging  to  the  De- 
vonian age,  there  ia  not  a  Western  geologist  who  does  not 
believe  them  Carboniferous.  I  have  myself  bad  tbe  good 
fortune  to  study  the  fossil  remains  of  this  age,  gathered 
from  all  the  Western  States  by  my  own  hands,  and  to  com- 
pare them  with  fossils  gathered  from  the  Carboniferous 
rocks  of  Europe,  and  also  with  fossils  from  the  Catskil! 
Bandstonc  of  New  York  and  Pennsylvania,  and  I  have  but 
little  hesitation  in  asserting  that  the  rocks  called  Marshall 
and  Catskill  were  both  deposited  during  the  period  of  the 
"  Mountain  Limestone"  of  Europe,  which  lies  at  .or  near  the 
I  Itase  of  the  great  Carboniferous  system. 
I  If,  then,  the  Catskill  sandstone  be  the  base  of  the  Car- 
boniferous system  in  America,  the  Old  Red  Sandstone  of 
Scotland,  which  has  been  identified  in  age,  must  be,  con- 
trary to  the  prevailing  opinion,  the  base  of  the  Carbonifer-  " 
ous  system  in  that  country.  In  North  America,  the  sedi- 
ments of  this  period  were  derived  from  the  wear  of  ocean 
shores  lying  toward  the  northeast  of  the  United  States. 
The  coarser  materials  were  deposited  near  their  source, 
e  the  finer  were  distributed  over  the  centre  of  the  con- 
inent.  Thus  the  fonnation,  which  is  a  conglomerate  or 
Mrse  sandstone  in  New  York  and  on  the  shore  of  Lake 
a  fine  sandstone  in  Southern  Michigan,  in  Ohio, 
md  Iowa,  and  an  arenaceous  or  argillaceous  limestone  in 
k>uthern  Indiana,  Illinois,  and  Missouri.  In  the  Old  World 
bring  the  same  period,  the  coarse  sediments  gave  rise  to 
B  sandstone  of  Scotland,  while  in  Yorkshire,  Belgium,  and 
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J'which  were  booq  to  be  followed  by  »  more  or  )es8  general 
isruption.  We  may  generally  distinguish,  theretbre,  some 
alcareouB  shales  constituting  the  uppermost  beds  of  a 
roup ;  and,  in  rare  instanees,  the  disturbance  proceeded 
s  far  before  the  extinction  of  the  faunas  that  the  uppers 
lost  beds  have  been  rendered  finely  fragmental.  To  iilus- 
rate  and  confirm  these  generalizations,  I  introduce  the  fol- 
towiiig  table : 


0>^^f«pn™w. 

CrUonou. 

CIcuH-frvrnxul. 

II 

Potfldam  HaDd- 

CalciforoDB  and 
CtmijtoraiatloHS. 

Trenton  Group. 

Cincinnati  Group. 

il 

emte.^        i    Clinton  Oronp. 
Meainaaaua-         NIbbo™  slmle. 
atone.           | 

Niagara  lime- 

Sallna  Group. 

u 

^'^Sef'"'^"       Schoharie  Grit. 

Btone. 

Uamliton  Gruup, 
fullowed  bj  Clie- 

11 

WBTBrlj  Band-  i     Waverly  sand- 
(HarBlinll  pbnse).'  (CkonUau  pbnse). 

Monntiun  lime- 

Falae  cottt-mBB«- 

II 

ahnrt  EpochB). 

Laramie  llme^ 

'--'>-■'■ 

D  this  exhibit  I  take  no  account  of  the  St.  John's  Group, 

;e  we  know  so  little  of  its  lithological  characters.     It 

B  appears  that  the  recognized  succession  of  strata  in 

ieh  of  the  great- divisions  of  Paleozoic  time  is  wonderful- 

f  similar  la  lithological  characters.     In  each  great  group 

i  great  limestone  mass,  which  standa  out  conspicuously 

'  e  geology  of  the  region  underlaid  by  the  group.    These 

meatone  masses  are  prominent  landmarks  in  the  progress 

;ea.    They  mark  the  successive  culminations  of  the 

jological  periods.     Each  mass  outcrops  in  a  protruding 

'  i,  sweeping  from  east  to  west  over  a  wide  extent  of 

ntry.     The  oldest  is  the  more  northern,  and  the  others 

■  in  regular  succession.     The  Trenton  mass  sweeps 

roas  along  the  north  of  Lake  Ontario  and  to  Georgian 

The  Niagara  mass  lies  to  tlie  south  of  Lake  Ontario 
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and  the  south  of  Georgian  Bay.  The  Corniferous  is  north 
of  Lake  Erie  and  beneath  Lake  Huron.  The  Mountain 
limestone  is  farther  toward  the  centre  of  the  continent,  in 
the  Missiaaippi  Valley.  The  Laramie  limestone  stretches 
to  the  Rocky  Mountains.  If  tho  reader  can  fix  his  imag- 
ination on  each  of  these  great  limestone  belts,  he  baa  a  cleir 
to  a  mental  map  of  the  geology  of  the  country. 

In  the  little  map  on  the  preceding  page  I  have  endeav- 
ored to  indicate  the  locationa-of  the  great  limestone  masses 
just  alluded  to  (except  the  Laramie  limeetone,  which  is  too 
far  west).  The  horizontal  shading  shows  the  trend  of  the 
Lower  Silurian  maaa,  which,  in  Ohio  and  farther  west,  is 
not  discriminated  from  the  Cincinnati  Group.  Its  pro- 
longation into  Wisconsin  is  covered  up  with  surface  sands 
and  clays.  Tho  vertical  shading  indicates  the  trend  of  the 
Upper  Silurian  mass,  which  is  also  lost  in  Wisconsin.  In 
Ohio  it  probably  exists  in  a  belt  encircling  the  Lower  Si- 
lurian area,  but  it  has  not  yet  been  completely  traced  out. 
The  oblique  shading  from  right  to  left  denotes  the  great 
Devonian  mass  (corniferous  limestone),  which  has  not  yet 
been  distinctly  traced  beyond  Lake  Michigan.  The  ob- 
lique shading  from  left  to  right  is  the  Mountain  lime- 
stone, or  Lower  Carboniferous  mass,  whioh  I  have  pro- 
posed to  designate  the  Mississippi  Group,  because  so  ex- 
tensively developed  in  the  valley  of  the  Mississippi  River. 
Now,  if  the  reader  desires  to  know  to  what  particular  for- 
mation any  proposed  limestone  quarry  belongs,  this  little 
map  will  inform  him.  The  letter  C  indicates  the  areas 
which  are  underlaid  by  the  coal-meaaures  of  the  country. 
In  the  Northern  States  these  are  the  uppermost  strata  of 
solid  rock.  Hence  all  other  formations  dip  toward  the 
nearest  coal-measures,  and  generaHy  pasa  under  them.  In 
other  words,  all  the  strata  numbered  from  1  to  3  dip  to- 
ward the  areas  marked  C.     It  follows,  also,  that  Nos.  2  and 
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f  3  dip  away  from  No.  1,  No.  4  and  C  are  generally  nearly 
I  ■  Jiorizontal,  except  in  the  vicinity  of  mountain  disturbances. 
',  by  keeping  in  mind  tho  dips  of  the  several  strata,, 
'And  tracing  each,  in  conception,  underneath  those  which 
^  cover  it,  the  reader  will  be  able  to  present  to  his  imagina- 
tion a  sort  of  stereoscopic  view  of  the  underground  struc- 
ture of  the  Northern  States. 

I  have  now — leaving  out  of  the  account  the  debatable 
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Marshall — ^barely  enumerated  the  epochs  of  two  great  pe- 
riods of  the  world's  organic  history,  the  Silurian  and  De- 
vonian. Who  has  considered  the  measureless  intervals 
which  have  been  so  glibly  hurried  over — the  rising  and 
setting  suns,  the  passing  tempests,  the  lonely-budding  tree, 
the  sands  worried  to  and  fro  upon  the  uncertain  beach,  the 
lives  of  myriads  of  conscious  forms  in  a  long  succession  of 
populations,  the  heaving  shore,  the  rise  of  continents,  the 
burial  of  beautiful  but  senseless  ruins  beneath  acres  of  sed- 
iments from  which  they  shall  never  be  exhumed  ?  Let  me 
commend  the  sublimity  of  the  theme  to  the  reader's  atten- 
tion« 

We  are  now  on  the  threshold  of  another  great  period 
of  the  world's  history.  Graceful  tree-ferns  are  waving  in 
the  distance,  and  giant  club-mosses  are  i#tering  from  their 
fronds  a  breezy  murmur  refreshing  to  the  mind  wearied 
with  the  contemplation  of  the  uncouth  and  sombre  forms 
which  vegetated  in  the  earlier  seas.  Looking  through  the 
vistas  of  the  future,  we  behold  lazy  reptiles  reposing  upon 
banks  protected  by  the  tangled  stems  of  lepidodendra  and 
calamaria,  or  floating  in  the  tepid  bayous  of  a  tropical  jun- 
gle. The  novelty  and  interest  of  the  prospect  invite  us 
onward,  but  the  vastness  of  the  field  bids  tfis  pause  and  re- 
fresh ourselves  before  we  venture  upon  our  jottings  from 
the  scenes  of  the  Carboniferous  Period. 
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CHAPTER  Sm. 

AN   USDERGROUNB    EXCUBSION. 

T'OTTR  hnnSred  feet  'beneath  the  foundations  of  the  city, 

with  ita  piles  of  brick,  and  marble,  and  ii-on — beneath 

f  the  rootB  of  the  oaken  forcBt  and  its  Dodonean  colonnades 

—beneath  the  bed  of  the  flowing  river  and  its  freight  of 

.  animated  hulls — down  four  hundrud  feet  beneath  the  light 

L  of  the  nineteenth  century,  guMed  only  by  the  glimmer  of 

lithe  oil  lamp  suspended  from  hia  smutty  cap,  the  mingr 

works  the  coal  which  blazes  in  the  cheerful  grate,  or 

wakes  the  slumbering"  energy  which  drives  the  monster 

mer  on  the  stormy  wavo.     Let  ua  enter  the  yawning 

^venue  to  this  subten-anean  world,     [See  Appendix,  Note 

Armed  each  with  a  miner's  lamp,  and  clad  in  a  miner's 

■garb  borrowed  for  the  occasion,  we  step  upon  a  platform, 

ir  "cage,"  six  feet  square,  suspended  by  iron  rods  connect- 

\  with  machifiery  moved  by  an  engine,  and,  at  the  word, 

l>egin  to  sink  into  the  gulf  of  blackness  beneath  us.     This 

Wrpcndicnlar  hole,  perhaps  eight  feet  siuare,  is  called  tlie 

"ehaft,"     By  the  light  of  the  outer  world  thrown  into  the 

V^Uonth  of  the  chasm,  we  perceive  that  the  shaft  passes  at 

iSrst  through  a  few  feet  of  sand  and  gravel.     Lower  down 

Kthe  darkness  of  the  pit  enshrouds  us,  but  we  learn  by  the 

I'gleam  of  the  lamps  that  we  are  passing  through  fifty  feet 

tof  coal-black  shales,  which,  like  the  sandy  beds  above,  are 

Iheld  in  their  places  by  a  frame  of  planks.     We  next  find 

(-QliraelveB  in  the  middle  of  an  aperture  through  a  bed  of 

mestone  perhaps  tweuty-five  feet  thiclc    The  walls  are 
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padded  with  the  shells  of  molluscs  which  lived  and  en- 
itiyed  existence  when  this  limestone  was  the  ocean's  bed, 
tnd  the  light  of  day  shone  down  upon  their  quiet  abodes 
w  shines  upon  the  bnsy  builders  of  the  coral  reef* 
%e  light  of  day  I — but  a  day  of  God's  eternity,  which. 
Bawned  upon  our  planet  before  Elohlm  had  said,  "Let 
1  make  man  in  our  image."     Rapidly  through  the  belt 
f  limestone  our  little  car  descends,  and  we  next  find  our- 
jielves  environed  by  a  wall  of  sandstone.     Here  and  tliere 
i  streaks  and  patches  of  dark  carbonaceous  material, 
bd  occasionally  the  eye  catches  glimpses  of  woody  stems 
tnbeddcd  in  the  solid  rock.     But  hark !  a  sound  of  water 
aes  from  the  darkness  beneath.     A  subterranean  atreaai 
B  been  intercepted,  and  a  little  rill  is  trickling  down  the 
Paassive  wall-side.     Again  in  the  midst  of  black,  bitumin- 
hiB  shales;  and  now  we  hang  suspended  opposite  an  open- 
pig  in  the  stony  wall.    One  hundred  feet  above  our  heads 
3  light  of  heaven  is  still  visible,  and  three  hundred  feet 
elow  are  darkness  and  emptiness.     On  the  right  and  tlie 
t  are  entrances  to  chambers  which  have  been  excavated 
1  a  seam  of  coal  occurring  at  this  level.    But  the  end  of 
r  journey  is  not  here.     Continuing  to  descend,  we  per- 
leive  the  bed  of  coal  underlaid  by  clay,  with  abundant 
■B-like  shoots  and  occasional  sterna  of  vegetation.     In 
we  pass  shales  and  sandstones,  and  then  seams  of 
}al,ii!ll,  at  the  depth  of  two  hundred  feet  beneath  the 
rface,  we  hang  befoi-e  another  portal  to  a  long,  dark 
trenue  excavated  in  a  deeper-seated  bed  of  coal.     In 
lome  of  the  dark  and  dusty  chambers  of  the  labyrinth 
Srhich  opens  here  the  miner's  pick  is  heard  resounding, 
7  and  then  the  muffled  report  of  the  miner's  blast 
tomes  echoing  through  the  vaulted  aisles.     But  this  is  not 
9ie  station  where  we  intended  to  stop.     Our  car  moves 
I,  and  we  phinge  through  two  hundred  feet  more  of  the 
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rocky  rind  of  the  earth.    Above  us,  the  mouth  of  the  shaft 

seeing  narrowed  by  perspective  into  an  insignificant  hole; 

before  us  opens  a  dark  street,  over  which,  on  a  tramway, 

mules  are  hanling  car-loads  of  coal,  which  is  starting  on  its 

jonmoy  to  the  populous  city  (Fig-  01).    Miners,  with  their 

picks,  are  moving  to  and  fro ;  the  sound  of  hammers  is 

beard;  the  paraphernalia  of  busy  life  are  about  us,  and  we 

seem  translated  to  a  nether  world.     We  feel  like  the  hero 

^f  the  Latin  song,  who  got  permission  to  visit  the  realm 

Ktf  Pinto,  and  make  the  acquaintance  of  unborn  spirits  des- 

ined  to  dawn  upon  the  world  in  the  coming  Golden  Age, 

Tiere  is  the  Styx  and  its  sleepy  boatman?     Where  are 

ihe  shades  that  expectation  thinks  to  see  flitting  before 

Let  us  enter  this  dingy  street,  and  conjure  spirits 

J  from  their  Lethean  sleep  upon  the  coaly  couches  that  line 

I  the  passage-way. 

The  seam  of  coal  is  a  broad,  horizontal  sheet  or  bed  from 
I  three  to  five  feet  thick.  In  this  are  excavated  passages 
I  about  eight  feet  wide  and  about  five  feet  high.  A  main 
"gangway"  may  be  half  a  mile  or  a  mile  in  length.  From 
I  this,  at  suitable  intervals,  lateral  passages  or  "  chambers" 
[.are  quarried  out,  running  nearly  at  right  angles  with  the 
I  main  gangway.  The  same  bed  of  coal  may  be  pierced  by 
I.  several  gangways — diverging  from  each  other  as  the  ave- 
I  ftues  diverge  from  the  Capitol  at  Washington— from  each 
rpf  which  extend  numerous  lateral  chambers.  These  cliam- 
'  bers  often  intersect  each  other,  and  thus  constitute  a  net- 
I  work  of  passages  like  the  streets  of  a  city.  Along  the 
I  principal  passages  tramrails  are  laid  for  the  transportation 
I  of  the  coal  in  trams,  or  little  cars,  from  the  remote  portions 
['  of  the  mine  to  the  shaft.  Each  miner  employs  a  separate 
I  tram,  and  receives  a  stipulated  amount  per  ton  for  the  coal 
fcjent  up  by  him.  The  trams  are  moved  over  the  track  by 
mules,  which  often  spend  their  lives  mider  ground.    They 
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arc  stalled  &dA  fed  in  Bide-rooms  excavated  in  the  coal  and 
saperincumbent  rocks.  The  requisite  circulation  of  pure 
air  is  maintained  through  the  mine  by  the  consumption  of 
refiise  coal  at  some  suitable  place,  the  smoke  and  heated 
air  from  which  ascend  through  a  separate  shaft.  The  es- 
cape of  heated  air  through  this  shaft  causes  a  descent  of 
extertial  air  to  take  place  through  tho  main  shaft.  Com- 
munication between  the  two  shafts  is  effected  only  through 
the  remote  portions  of  the  mine,  so  that  the  pure  air  is 
made  to  permeate  all  the  passages.  Still  there  must  al- 
ways be  side-rooma  through  which  no  circulation  can  be 
effected,  and  here  not  unfrequentl^  collects  that  explosive 
"  fire-damp,"  or  light  carbide  of  hydrogen,  so  often  evolved 
spontaneously  from  the  coal,  and  so  often  the  cause  of  fatal 
accidents  to  the  miners  (Fig.  62).  When  the  seam  of  coal 
is  less  than  five  feet  thick,  it  becomes  necessary  to  remove 
some  of  the  Buperincuinbent  rock,  to  render  the  roofs  of  the 
main  passages  sufficiently  high  for  the  mules  to  travel  un- 
der til  em. 

Thus  entire  square  miles  of  a  coal-seam,  hundreds  of  feet 
beneath  the  surface,  are  peiforated  hi  all  directions  by  the 
hand  of  the  miner  (Fig.  63),  as  ship-timber  is  riddled  by 
the  depredations  of  the  Teredo. 

By  the  feeble  light  of  our  miner's  lamp  we  enter  one  of 
these  dusky  aisles.  The  substratum  beneath  our  feet  has 
been  ground  to  dust.  The  whole  thickness  of  the  coal- 
seam  is  exposed  along  the  lateral  walls.  Occasionally  it 
presents  gentle  undulations  instead  of  lying  in  a  rigidly 
plane  position,  and  not  unfrequently  a  huge  bulge  of  the 
underlying  rocks  completely  cuts  off  the  seam.  Overhead 
a  black,  bituminous  shale  forma  the  ceiling.  Perhaps  here 
and  there  the,  white  shelt  of  a  univalve  or  a  bivalve  pro- 
jects from  the  surface — the  products  of  the  sea  bnried  in 
their  native  sediments,  and  suspended  above  our  heads. 
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What  a  clianffe  m  the  t  iiiition  f  thinta  since  thwse  little 
animals  lued  in  the  ahillow  surface  waters  in  -which  those 
sed  menf!  accnmulated '  Lo '  here  above  ua  is  a  mirror- 
sarface  gleaming  in  the  li'lit  reflected  fi-om  our  lamps. 
Its  polish  la  like  that  if  jet  in  1  yet  it  is  w  ronght  upon  the 
fite   of  the   solil  lock       s  .me   slight  movement  of  the 


earth's  crnst  has  cracked  the  ehaly  roof;  the  opposite  sides 

of  the  fissure  have  been  moved  to  and  fro  over  each  other, 

and  under  the  mighty  pressure  the  two  opposing  faces  have 

been  beantifiilly  polished. 

But  probably  different  sights  will  greet  our  eyes.     The 

rocty  ceiling  in  ornamented  every  where  by  the  most  ex- 
quisite tracery — inim- 
itable representations 

of  the  delicate  fronds 

of  ferns  (Fig.  64).  We 

remove  a  scale  of  the 

rock,  and  behind   ia 

BtUl  another  picture. 

Remove  a  second,  and 

from  the  dark  black 

rock  gleams  forth  an- 
other form  of  grace 

and  beauty.     The  ^ 

whole   mass   of  the   P 

ahaly  roof  is  a  port-    g' 

folio    of  inimitable    -^ 

sketches.    The  sharp-    = 

est  outlines   and  mi- 

untest    serratures    of 

the  leaves  are  clearly 

traced.     The   very 

nerves,  with  their 
(  characteristic  bifurca- 
i  tiona,  are  accurately 
r  depicted  on  this  won- 
Ldei'ful  lithograph. 
Joles,  and  buds, 

^d  woody  stems,  and 

i,  &nd  fruits,  slender  grass-ieaves,  striated  rushes,' 
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fluted  BtemB  of  gigantic  club-mosses,  the  scarred  and  pitted 
trunks  of  extinct  tree-ferns,  diversify,  by  turns,  the  crayon 
sketchings  of  the  dusky  ceiling.  Prostrate,  all !  They 
have  stood  erect ;  the  soil  has  held  them  by  their  spread- 
ing roots,  the  genial  sunlight  has  warmed  them,  the  vital 
breeze  has  fanned  tbeir  verdant  foliage;  change,  which 
transforms  all  things,  has  swept  over  them,  and  graceful 
feiTi  and  giant  club-moss,  slcndtr  reed  and  arrogant  coni- 
fer, have  laid  down  together  in  their  couch  of  sediment, 
and  the  old  sexton.  Time,  has  piled  upon  them  the  accumu- 
lated ashes  of  a  hundred  succeeding  generations  of  trees, 
yid  herbs,  and  perished  popuSations.  What  a  store-house 
of  suggestions  ia  here  I  The  dusty  "  Catacombs"  are  less 
eloquent  in  their  inscriptions;  the  vaults  of  the  Pyramids 
recite  a  history  leas  full  of  meaning.  To  the  soul  that 
holds  communion  with  the  visible  ideas  that  dwell  about 
him,  these  rocky  walls  are  vocal  with  narratives  of  earth- 
quake and  flood,  of  nodding  verdure  and  of  desolating 
surge  ;  these  shales  are  the  tombstones  of  generations,  on 
which  are  inscribed  chronologies  whoso  niinntes  are  the 
cycles  of  the  Hindoo.  Hei'e  is  the  populous  abode  of 
world-idoaa.  Through  these  dim  avenues  flit  spectres  of 
the  ancient  thoughts  which  were  once  the  acting  enei^ea 
of  our  planet.  Here  is  the  i^eal  Acherontian  realm.  He 
who  has  descended  to  these  subterranean  halls,  and  held 
converse  with  the  forma  which  here  abide,  has  visited  a 
world  and  communed  with  ijitelligeuces  of  which  Anchisi- 
ades  had  only  dreamed. 

Shall  we  venture  to  translate  the  histories  recorded  upon 
these  rocky  leaves  ?  What  were  the  scenes  and  events  of 
that  epoch  of  the  world  when  these  buried  vegetable  forms 
were  living,  growing  organisms,  and  Nature  was  storing 
away  for  the  human  race  these  magazines  of  fuel  ? 
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CHAPTER  XIV. 

THE  SCENERY  OF  TUE  COAL  PERIOD. 

TT  was  in  the  middle  ages  of  the  history  of  the  world. 
-*-  The  growing  continents  had  lifted  their  brows  above 
the  surface  of  the  all-embracing  sea;  but  their  spreading 
plains  aud  long-extended  alioi'ea  were  still  the  empire  of 
the  garpikes,  and  the  nursery  of  illimitable  beds  of  encri- 
nites  and  polyps.  The  Gulf  of  Mexico  jutted  northward  to 
Middle  Iowa,  and  rolled  its  widening  waters  northwest  far 
toward  the  aourcps  of  the  Missouri  River,  There  are  good 
reasons  for  believing  that  it  stretched  through  the  entire 
length  of  the  continent  to  the  Frozen  Oceftn.  The  shore- 
line of  the  Atlantic  reached  from  Connecticut  through 
Southern  New  York  and  Northern  Ohio,  Indiana,  and  Illi- 
nois, to  the  valley  of  the  future  Mississippi,  All  the  centre 
of  Michigan  was  a  sea-bottom,  and  not  unlikely  a  gulf  pro- 
jected northward  over  the  peninsula  now  inclosed  by  the ' 
great  lakes.  There  was  never,  however,  any  free  commu- 
nication between  the  Michigan  Gulf  and  the  ocean  after 
the  later  portion  of  the  Devonian  Age.  Hudson's  Bay 
stretched  far  toward  the  site  of  Lake  Superior,  as  the  Arc- 
tic Sea  pushed  down  fi-om  the  north  to  fall  into  the  warm 
embrace  of  the  waters  of  the  Mexican  Gul£  The  great 
lakes  were  not — save,  perhaps,  Lake  Superior — nor  the 
mighty  Mississippi,  nor  the  thunder-voiced  Niagara,  The 
youthful  continent  was  yet  unclothed  with  soil,  save  the 
.illDcky  detritus  which  nourished  the  lean  vegetation  which 
I  began  to  garnish  the  land  during  the  period  of  the  Che- 
vmuug  and  Marshall,     The  skeleton  rocks  protruded  every 
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i?rL-  in  l.kiik,  inhospitable  exposures.     Occasionallj-  in  a 
V  valley  was  gathered  a  cluster  of  dwarfish  trees,  nour- 
eil  by  tlio  crude  aliment  of  a  hastily-compoTinded  soil 
Hdt,  ami  bird,  and  insect  were  yet  slumbering  in  the 
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wambers  of  the  future — ideaa  resci-v-ed  in  the  all-pi-oduc- 
I  mind  of  Omiiiacienca  Food  for  them  thcro  was  none. 
The  atmoBphere  was  a  noxious  poison,  charged  with  all  the 
carbon  which  now  exists  in  the  form  of  modem  vegetation 
and  beds  of  mineral  coal.  Denizens  of  the  sea  had  for 
,■  agea  strewn  its  bottom  with  the  ruins  of  their  workman- 
sliip — mountains  of  coral  masonry  had  been  reared  by  the 
little  polyp  architect,  but  in  all  the  murky  air  which  floated 
over  the  land  and  sea  was  not  one  motion  of  an  animated 
being — not  a  voice — no  song  of  bird,  or  hum  of  insect's 
wing  to  break  the  dread,  eternal  silence.  The  surges  broke 
npon  the  beach,  the  tempest  gathered  in  the  thickening  air, 
but  no  beast  hurried  to  the  Bheltering  cave;  the  storm 
■  burst  upon  the  ^Id  and  desolate  cliff,  but  no  fluttering 
ing  sought  protection  from  its  fury, 
I  The  period  had  now  arrived,  however,  when  this  verdnre- 
*1eBB  and  voiceless  scene  was  to  be  clothed  and  animated. 
Now  was  perhaps  the  most  important- cpocli  in  the  whole 
physical  history  of  our  planet.  The  forces  of  nature  were 
now  to  be  called  to  theb-  grandest  exercise.  The  laws  of 
chemistry  were  summoned  to  an  operation  miraculously 
beneficent  and  providential.  Organic  force  now  gii-dcd 
itself  for  the  production  of  new  and  higher  forms  of  ani- 
malization,  and  for  the  display  of  the  earliest  and  richest 
exuberance  of  the  vegetable  kingdom. 

The  series  of  animate  existences  began  with  the  proto- 
>8n,  and  had  been  carried  through  long  progressive  stages 
*  the  highest  types  which  make  their  home  in  the  water 
bid  respire  that  element.  Man,  the  far-oif  consummation 
^f  all  these  improvements,  was  to  be  a  vastly  superior 
^ing;  but  the  next  step  in  the  direction  of  this  eonsum- 
lation  must  be  the  introduction  of  an  air-breathing  ani- 
In  the  existing  condition  of  the  world  no  air-breath- 


I  animal  could  survive,  and  J 


sailed  upon  to 
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solve  the  problem  of  the  elimination  of  the  noxious  gas 
which  unfitted  the  atmosphere  for  respiration.  Till  this 
was  done  the  progressive  series  of  animal  forms  must  here 
be  arrested,  and  the  last  term  of  the  series,  man,  toward 
which  all  the  steps  of  the  previous  preparation  had  con- 
verged, must  remain  a  distant  and  unattainable  hope,  and 
Nature  fail  of  her  completeness  and  her  crown. 

The  development  history  of  the  American  continent  had 
been  conducted  through  a  succession  of  vertical  oscilla- 
tions, extending  eastward  to  the  still  subaqueous  ridges  of 
the  Appalachians,  and  westward  to  the  corresponding  nas- 
cent ridges  of  the  Pacific  slope.  The  valleys  of  the  two 
great  oceans  had  been  continually  deepening  beneath  the 
pressure  bf  the  superincumbent  masses  o^aters,  and,  as  a 
consequence,  the  intervening  continental  space  had  suffered 
a  corresponding  vertical  uplift,  so  that  the  waters  had 
been  poured  off  from  the  site  of  the  future  continent,  and 
a  mere  shallow  lagoon  occupied  the  present  area  of  the 
Middle  and  Southern  States  and  Territories.  The  oscilla- 
tions of  the  submarine  soil  down  to  the  dawn  of  the  period 
now  under  consideration — sometimes  increasing  and  some- 
times diminishing  the  depth  of  the  waters — left  it  at  last 
but  little  sunken  beneath  the  general  surface  of  the  sea. 
[See  the  areas  marked  C,  Fig.  58.] 

Now  a  state  of  more  than  usual  uneasiness  began  to 
manifest  itself.  The  ocean  bed  heaved  and  sank  as  in  the 
breathings  of  a  mortal  agony.  Surges  mountain -high 
rolled  up  the  sterile  strand,  and,  wasted  with  their  own 
violence,  fell  back  upon  their  ocean  couch.  This,  of  course, 
was  not  the  period  for  an  abundance  of  animal  life.  But, 
if  the  usual  fecundity  of  Nature  was  for  a  time  suspended 
on  our  continent,  some  other  continent  may  have  been  the 
theatre  of  its  display.  In  America  the  crumbling  margins 
of  the  sea  were  worked  up  into  cubic  miles  of  ^and  and 
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IpebLlcs,  and  transported  to  embanfemeDts  sometimes  thou- 
ft«andB  of  feet  in  thickness.     Tlie  tc^a'&B  of  the  Cephalalgia, 
\  jpteric/ithys,  Cotxosteue,  and  Molqpti/cAius  of  the  Old  World, 
P-and  of  Onychodua,  Macfueracanth'us,  Agassichthya,  and  IH- 
nodus  of  the  New,  were  buried  immemorable  depths  be- 
neath the  rubbish  of  a  geological  revolution.     These  were 
the  accumulations  of  the  "Millstone  Grit."    Anon, the  vio- 
1  lence  of  Nature  suffered  a  pause,  and  finer  sediments  only 
liFere  transported  over  the  areas  previously  strewn  with 
P«and  and  pebbles.    Many  alternations  of  finer  and  coarser 
deposits  thus  succeed  each  otber  among  the  lower  beds  re- 
posing immediately  beneath  the  coaL 
In  the  course  of  ages  the  shallow  sea  became  a  marsh. 
I  Now  that  a  foothold  for  terrestrial  vegetation  was  estab- 
^d,  the  all-adaptive  hand  of  Nature  planted  the  soil 
I  with  many  kinds  of  herbs  and  trees.     Simultaneously,  on 
■  every  aide,  innumerable  germs  spring  up  from  the  new- 
Imade  sediments.     Yegetatior,  in  varied  types  and  fiimily 
l.lllliances,  starts  forth  at  the  fiat  of  creative  energy,  and  the 
Iworld  is  dressed  in  a  garment  of  shining  verdure.     No 
I  provident  hand  had  strewn  the  soil  with  the  seeds  of  these 
[nnfamiliar  forms.    The  All  -  commanding  had  summoned 
Fthe  tribes  of  plants  from  the  shadowy  realm  of  ideas,  and 
B  they  stood  forth  in  multitudinous  array,  clad  in  the  newest 
RUid  brightest  garments  of  Nature's  eshaustless  wardrobe 
—mute,  unconscious  ^^ences,  but  yet  with  life  and  or- 
jgans,  beginning  from  the  moment  of  their  appearance  to 
^lay  upon  the  elements  which  Omniscience  had  provided 
for  their  elaboration.    How  carefully  was  the  soil  prepared 
0  enooni'age  the  luxuriant  growth  and  wide  dissemination 
f  these  beautiful  creatures !    Lifted  above  the  level  of  the 
lea,  it  maintained  the  humid  condition  most  congenial  to 
3  nature  of  the  most  luxuriant  growera.     The  internal 
at  of  t^  earth,  hoy/aSf  -  .^  early  period,  warmed. 
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the  surface  to  a  tropical  temperature,  and  stimulated  the 
roots  of  the  new-born  vegetation,  while  from  the  tepid 
waters  the  atmosphere  was  reeking  with  moisture,  and 
ever  and  anon  dispensing  its  showers  upon  the  green-car- 
peted savanna.  But,  more  than  all,  the  food  most  grateful 
to  the  growing  plant  was  tliat  abundant  carbonic  acid 
whose  presence  in  the  atmosphere  was  the  fatal  bar  to  the 
introduction  of  terrestrial  animals. 

This  scene  of  verdure  wa&  destined  to  short  duration. 
One  of  the  ever-recurring  oscillations  of  the  earth's  crust 
sank  the  entire  flora  beneath  the  ocean's  level.  Pebbles, 
and  sand,  and  argillaceous  mud  were  strewn  over  the  layer 
of  prostrate  vegetation,  and  the  sea  again  held  undisputed 
sway  over  states  once  rescued  from  its  dominion. 

Again  the  establishea  order  of  Nature  brought  these 
latest  sediments  to  the  surface,  and  again,  as  if  by  magic, 
the  fairy  forms  of  a  flowerless  vegetation  start  up  from  the 
gei-mless  sands.  Generationa  of  these  new  forms  luxuriate 
in  the  humid  vales  of  another  epoch— fix,  in  their  woody 
tissues,  another  portion  of  the  superabundant  plant-food 
of  the  atmosphere,  and  then  fall  down  to  mingle  with  the 
peaty  accumulations  of  the  period. 

Anon,  another  inundation  devastates  the  scene,  and 
sands  and  clays  ai-e  borne  by  the  rushing  tides,  and  the 
dense  growths  of  the  recent  jungle  again  disappear  be- 
neath another  packing  of  silt  flh  shingle,  as  a  field  of 
marsh-grass  is  buried  beneath  the  sand  borne  forward  by 
the  summer  overflow  of  a  great  river.  Thus,  perhaps,  a 
hundred  times  in  the  course  of  ages,  the  vegetable  growths 
of  one  epoch  were  entombed  beneath  the  debris  of  a  more 
violent  one.  Occasionally  the  inundating  waters  assumed 
the  quiet  habit  of  a  deep  and  permanent  sea.  Then,  that 
no  adaptation  of  inorganic  nature  might  be  wanting  in  the 
answering  aptitudes  of  the  organic  world,  myi^ds  of  ma- 
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nue  creatures  Bwarmed,  and  lived,  and  died  upon  the 
grounds  that  had  orten  aforetime  been  the  seat  of  terres- 
trial vegetation.  Thus,  perhaps,  a  bed  of  calcareous  sedi- 
ments, destined  to  become  a  limestone,  was  interpolated 
among  the  conches  of  sand,  and  shale,  and  vegetable  mat- 
ter. 

The  theatre  of  these  changing  scenes  was  the  whole  of 
that  area  now  covered  by  the  coal-measures  of  the  country 
(see  Fig.  57),  as  well  as  lai-ge  portions  of  the  intervening 
regions,  from  which  the  coal  has  been  swept  by  the  besom 
of  geological  denudation.  In  the  later  ages  of  geological 
■liistory,  wasting  agencies  have  moved  over  the  surface  of 
the  country,  scoring  through  the  solid  rocks,  scooping  out 
lake-basins,  carrying  away  entire  forraationa,  and  exposing 
deeply-seated  strata  over  wide  areas.  _ 

The  duration  of  the  vicissitudes  which  I  have  sketched 
was  inconceivably  great.  The  amount  of  vegetable  matter 
in  a  single  coal-seam  six  inches  thick  is  greater  than  the 
most  luxuriant  vegetation  of  the  present  day  would  fur- 
nish in  twelve  hundred  years.  Boussingault  calcnlates 
that  luxuriant  vegetation  at  the  present  day  takes  from 
the  atmosphere  about  half  a  ton  of  carbon  per  acre  annu- 
ally, or  fifty  tons  per  acre  in  a  century.  Fifty  tons  of 
stone-coal,  spread  evenly  over  an  acre  of  surface,  would 
make  a  layer  of  less  than  one  third  of  an  inch.  But  sup- 
pose it  to  be  half  an  inch;  then  the  time  required  for  the 
accumulation  of  a  seam  of  coal  three  feet  thick — the  thin- 
nest which  can  be  worked  to  advantage — would  be  seven 
thousand  two  hundred  years.  If  the  aggregate  thickness 
of  all  the  seams  of  coal  in  any  basin  amounts  to  sixty  feet, 
the  time  required  for  its  accumulation  would  be  one  hun- 
dred and  forty-four  thousand  years.  In  the  coal-measures 
of  Nova  Scotia  are  seventy-six  seams  of  coal,  of  which  one 
is  twenty-two  feet  thick,  and  another  thirty-seven,     '^^"  -i 
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"Mammoth  Vein,"  at  Wilkesbarre,  Pennsylvania,  is  twen- 
ty-nine feet  thick.  Add  to  the  tinie  occupied  in  the  accu- 
mulation of  the  coal  the  time  -which  elapsed  during  the  in- 
undations, when  shales,  sandstones,  and  lime Btones  accumu- 
lated to  an  avei-age  of  fifty  times  the  thickness  of  the  coal, 
and  we  shall  have  at  least  double  the  above  interval,  or 
two  hundred  and  eighty-eight  thousand  yeare,  for  the  time 
i-equired  to  build  up  a  series  of  coal-moasurea  three  thou- 
saud  feet  thick.  This  is  about  the  thickness  of  the  Penn- 
sylvania measures,  while  those  of  Nova  Scotia  are  five 
times  as  thick^ 

It  is  not  forgotten  that  allowance  must  be  made  for  the 
extraordinary  luxuriance  of  Carboniferous  vegetation,  and 
I  ofiset  this  consideration  by  the  fact  that  lai^e  quantities 
of  carbon  ^  taken  by  it  from  the  atmosphere,  must  have  been 
retnmed  again  by  the  partial  decay  and  deatmction  of  the 
tissues,  thus  rendering  them  bo  difiicult  to  detect  in  the 
substance  of  the  coal.  Other  calculations,  based  upon  the 
assumption  that  the  coal-measures  were  accumulated  at 
the  mouths  of  rivers,  result  in  the  detemiination  of  a 
length  of  peroid  equally  enormous.  But  the  whole  history 
of  our  world  since  tlie  commencement  of  animal  existence 
is  divided  into  over  thirty  periods,  each  corresponding  to 
that  of  the  coal,  and  that  portion  of  its  history  anterior  to 
the  creation  of  animals  was  at  least  equally  protracted  1 

The  vegetation  of  this  period  was  comparatively  low  in 
rank.  It  was  almost  exclusively  a  flowerless  vegetation. 
But  the  sombre  aspect  of  the  praii'ie  and  forest  comported 
well  with  the  absence  of  admiring  intelligences,  and  the 
low  grade  and  character  of  the  few  beings  which  basked 
in  the  sun  or  batlied  in  the  waters  of  the  Carboniferous 
Age.  The  leading  forms  of  vegetation  were  allied  to 
rushes,  ferns,  and  club-moeaes  (see  Fig,  65).  Many  of  these 
grew  to  colossal  dimensions.     Some  of  tlie  nishes —  Cala- 
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I  mites — were  doubtless  thirty  feet  in  height.     The  iraprea- 

I  sions  of  their  huge  and  prostrate  stems  may  often  be  traeed 

[  upon  the  shale  which  overlies  a  seam  of  coaL     Of  ferna,  no 

I  species  living  in  temperate  latitudes  attains  the  dimensionB 

of  a  tree ;  but  there  fonnerly  flourished  within  the  limits 

of  the  Northern  States  ferns  which  attained  to  ai-borejl 

I  dimensions,  single  fronds  of  which  reached  the  length  of 

c  to  eight  feet.    The  club-mosses — Lepidodendra — of  the 

3  epoch  grew  to  the  magnitude  and  aspect  of  stately 

lalms  (Fig.  66).     Among  as  they  trail  upon  the  ground, 

r  rise  but  a  few  inches  above  it.    The  largest  living  club- 
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raoHBea  do  not  exceed  three  feet  in  height.  The  stems  of 
Zepidodendron,  after  the  falling  of  the  leaves,  were  covered 
with  Bcars  diagonally  arranged,  and  are  often  miataken  by 
the  uninformed  for  "petrified  snakes."  The  cones  of  theao 
plants  are  found  in  gi-eat  abundance  in  Ohio.  Another  cu- 
rious form  of  this  period  has  been  styled  Siffillaria.  Their 
fluted  trunks,  from  one  to  five  feet  in  diameter,  have  some- 
times been  seen  sixty  and  seventy  feet  in  length.  The  flut- 
ings  are  marked  by  a  longitudiual  series  of  pits,  like  the 
impressions  of  a  seed.  In  many  instances  these  tree-trunks 
have  been  found  erect,  evidently  buried  while  standing  by 
siccumulations  of  sand  and  mud  (Fig.  67).  Below  are  the 
i-oota  and  rootlets — formerly  called  Stigmaria — and  the 
very  soil  remaining  in  which  they  flourished.  In  the  ex- 
cavation of  a  bed  of  coal  these  petrified  tree-trunks  are  not 
iinfrequently  cut  ofl"  below,  when  the  slight  taper  of  the 
stem  permits  them  to  slide,  by  the  force  of  gravity,  down 
into  the  mine.  Tliese  "coal-pipes"  are  much'dreaded  by 
the  English  minei-e,  for  almost  every  year  they  are  the 
cause  of  fatal  accidents.  "  It  is  strange  to  reflect,"  says 
Sir  Charles  Lyell,  "how  many  thousands  of  these  trees  fell 
originally  in  theipt  native  forests,  in  obedience  to  the  law 
of  gravity,  and  how  the  ia-w  which  continue  to  stand  erect, 
obeying,  after  myriads  of  ages,  the  same  force,  are  cast 
down  to  immolate  their  human  victims." 

Let  the  reader  embody  before  his  mind's  eye  a  group  of 
rush-like  and  fern-like  trees  and  uniler-shrubs,  interapersed 
among  gigantic  club-mosses  &nd  occasional  conifers,  and  he 
has  a  picture  of  a  carboniferous  jungle— a  jungle  not  en- 
livened by  the  tread  of  quadrupeds  or  the  singing  of  birds, 
but  mute  as  the  solitudes  of  an  Aftican  desert — voiceless 
save  when  the  alligator-like  bellowings  of  the  Ardtego- 
murus  in  a  neighboring  bayou  waked  the  echoes  of  tliose 
gloomy  corridors,  and  startled  the  lesser  amphibia  from 
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their  hiding-places,  or  the  thunder-voice  of  Deity  spoke,  as 
it  still  speaks,  from  the  terror-striMug  tempest. 

The  office  of  this  redundant  vegetation  was  finally  ful- 
filled. The  atmosphere  was  purified  of  its  nosious  ele- 
ments, and  higher  creatures  could  live  upon  the  soil  Be- 
hold the  wisdom  and  providence  of  the  creative  Architect ! 
Carbonic  acid  was  to  be  removed  from  the  atmosphere,  to 
fit  it  for  animal  respiration.  A  finite  mind  might  have 
aimed  to  efi'ect  this  end  alone.  Omnipotence  was  compe- 
tent to  annihilate  the  poison,  or  convert  it  to  some  solid 
or  liquid  form.  The  infinite  Intelligence,  however,  had  so 
planned  the  universe  that  the  poison  of  the  quadruped  was 
the  food  of  the  plant.  The  very  execution  of  one  portion 
of  the  cosmical  plan  created  a  use  for  that  which  impeded 
the  execution  of  another.  A  double  object  was  thus  ef- 
fected. Nor  was  this  all.  Should  these  enormous  crops 
of  vegetation  grow  np  and  pass  away  unutilized  for  the 
want  of  an  intelligent  population  to  consume  and  use  the 
fuel  ?  It  was  not  so  to  be.  Though  man  was  not  except 
in  the  conceptions  of  the  Almighty,  man  was  regarded  in 
the  preparations  of  this  age.  The  far-seeing  Planner  of 
the  universe  stored  the  carboniferous  fuel  in  repositories 
where  it  could  never  perish,  and  where  it  could  await  the 
nses  of  the  coming  race  of  man.  Nor  was  this  even  the 
end  of  the  proi'idential  purposes.  In  a  subsequent  age 
those  barren  rocks  and  those  beds  of  coal  became  covered, 
first  with  the  basis  of  a  soil,  and  then  with  the  soil  itself; 
BO  that  man,  when  he  should  eome  upon  the  stage,  might 
find  an  inexhaustible  mine  of  fuel,  and  a  foothold  for  the 
products  of  his  farm,  npon  the  self-same  acres.  Another 
circumstance  should  also  be  here  remarked.  The  preser- 
vation of  these  carboniferous  stores  was  efl'ected  by  the 
packing  down  of  layer  after  layer,  while  beds  of  clay,  and 
sand,  and  calcareous  sediment  were  intei-])08ed  bet«-ecn 
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them.  Not  only  was  there  never  another  period  of  the 
wovid  when  the  supply  of  carbon  was  so  great,  but  never, 
before  or  after,  were  those  frequent  and  gentle  oscillations 
BO  long  continued  which  were  the  agencies  in  burying  the 
successive  crops  of  vegetable  growths.  At  least,  such  fre- 
quent oscillations  never  before  or  since  occurred  at  a  time 
when  the  level  of  the  continents  ho  nearly  coincided  with 
the  level  of  the  sea.  And,  lastly,  these  very  oscillations, 
while  they  were  subserving  this  collateral  end — which  was 
still  important  enough  to  have  been  the  sole  and  ultimate 
end — were  only  the  symptoms  of  a  great  continental  prep- 
aration, which  was  going  on  from  the  region  of  the  At- 
lantic to  that  of  the  Pacifio  shores,  and  which  had  been  in 
progress,  and  attended  by  similar,  thoiigh  much  leas  ti^ 
quent  oscillations,  from  that  remote  period  when  the 
shrinking  of  the  molten  nucleus  of  the  world  located  those 
huge  wrinkles  in  the  stiffening  crust  which  were  to  be  aft- 
erward deepened  into  the  beds  of  the  two  great  oceans. 
Verily,  here  is  a  scope  and  comprehensiveness  of  plan 
which  must  command  our  highest  admiration. 

The  same  general  preparatory  movements  were  still  to 
be  continued — continued  till  the  finished  earth  had  been 
elaborated  for  the  reception  of  man.  It  would  seem  that 
the  frequent  oscillations  of  the  Coal  Period  were  but  the 
trembUngs  of  the  strained  crust,  pushed  to  the  very  verge 
of  violent  rupture  by  the  two  enormous  masses  of  water. 
By  turns,  the  central  areas  had  been  protmdcd  above  the 
waves,  and  by  turns  the  tension  had  found  relief,  and  the 
uplifted  crust  dropped  back  for  a  time  to  its  submarine 
horizon.  Not  before  the  collateral  uses  of  these  phenom- 
ena had  been  subserved  did  the  tension  of  the  crust  reach 
the  measure  of  a  grand  upheaval.  After  trembling  for 
ages  beneath  the  immense  and  increasing  pressures  of  two 
great  oceans,  it  bui-st  up  in  enormous  folds  thousauds  of 
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feet  in  height,  and  extending  from  New  England  to  Ala- 
bama. Some  of  the  folds  of  the  Appalachian  upheaval, 
according  to  the  grai^d  generalizations  of  the  brothers 
Rogers,  were  protruded  with  so  abrupt  a  flexure,  and  to 
such  a  dizzy  height,  that  they  toppled  over  toward  the 
west ;  while  to  the  west  of  the  principal  axis  of  violence 
the  folds  become  gentler,  and  terminate  in  pleasant  undu- 
lations of  the  surface.  The  Queen  City  of  the  West  stands, 
perhaps,  on  the  last  of  this  series  of  undulations.  Thus 
were  the  Appalachians  brought  into  existence.  Thus  were 
the  deep-seated  beds  of  coal  lifted  above  the  general  level 
of  the  land,  and  brought  within  the  reach  of  moderate  ex- 
cavations, accompanied  by  the  requisite  conditions  for  nat- 
ural drainage  of  the  mines  (Fig.  68). 
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Fig.  68.  The  North  American  Continent  at  the  end  of  Paleozoic  Time,  or  begin- 
ning of  Mesozoic  (The  dotted  lines  represent  its  present  outlines ;  the  broken 
lines  the  rivers.) 
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SnbaequeDt  geological  agencies  have  greatly  modified 
I  the  primary  result.  The  ocean  has  been  permitted  Btill 
lagiun  to  sweep  over  the  continent,  and  the  crests  of  the 
i  and  ridges  have  all  been  planed  down,  and  the  ma- 
F  terials  distributed  over  the  intervening  spaces,  or  worked 
I  up  in  the  rock-building  of  later  ages.  Thus  the  original 
[  height  of  the  Alleghaniea  has  been  much  reduced.  Thus 
L  the  swell  upon  which  the  Queen  City  of  the  West  is  built 
l  has  been  worn  off  to  the  level  of  the  adjacent  areas ;  and 
^  thns  the  original  limits  of  the  great  Carboniferous  jungle 
B  been  very  much  restricted. 
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CHAPTER  XV. 

THE   SCOUTS   OF  THE   KEPTILK   HORDE, 

j'MPIRES  rose  upon  tlie  earth,  and  crumbled  in  succes- 

'  sion  to  decay,  a  thousand  ages  before  the  foot  of 

1  had  presBed  the  soil  of  the  Gai-den  of  Eden.    A  ee- 

9  of  dyoaBties  flitted  like  shadows  over  the  face  of  our 

et,  and  disappeared  beneath  the  dim  horizon  of  the  past, 

B  the  empire  of  man  was  but  an  idea  dwelling  in  the 

mighty  Mind.     Here  were  morning  and  evening,  invig- 

*  BunUght  and  cooling  dew,  softly-wooing  breeze  and 

rcely-maddened  tempest,  springtime  and  autumn,  weep- 

l  clouds  and  placid  evening  sky.  Winter  piping  his  mel- 

sholy  song  upon  the  withered  reeds  of  Summer,  ocean- 

i  waging  everlasting  battle  with  the  rocky  Bhore, 

1  alone  spectator  of  the  progress  of  the  mighty  wort 

bich  was  being  accomplished.    But  there  was  life,  and  mo- 

1,  and  consciousness,  and  enjoyment,  and  death  through 

1  those  dim  and  distant  ages.    Those  dim  and  distant 

—how  imagination  halts,  and  faints,  and  falters  in  the 

fort  to   shoot  back  over  the  infinite  stretch  of  yeara  ! 

here,  but  without  a  voice,  without  a  wing,  without 

jt  footstep.     The  ignoble  mollusc  held  dominion  in  the  sea 

Birpugh  all  the  morning  twilight  of  animated  existence. 

ute  fish  reai'ed  his  empire  on  the'  ruins  of  that  of 

)  mollusc     In  the  middle  Paleozoic  ages  this  first  and 

west  form  of  vertebrate  existence  appeared  in  all  the  seas 

it  fishes  clothed  in  horny  scales  like  those  which  swarm 

e  waters  of  tlie  human  era,  but  fishes  clad  in  coat  of 

Lliucklered  aud  helmeted  with  bony  plates,  and  armed 
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with  long  and  powerful  Bpines,  or,  in  a  later  age,  with  a 
fearful  array  of  sharp  and  conical  teeth.  The  dynasty  of 
the  fishes  sprang  up  in  that  period  when  the  limestones  of 
Buffalo,  in  New  York,  and  of  Columbus,  Sandusky,  and 
Kelly's  Island,  in  Ohio,  were  accumnlaling  as  sediments  in 
the  bottom  of  the  sea ;  when  Canada  West  was  the  ocean's 
bed,  and  the  last  crop  of  zoSphytea  was  growing  upon  it; 
when  the  beautilul  island  of  Mackinac  was  a  submarine 
plantation,  and  the  embryo  fastucsseB  of  Old  Fort  Mackinac 
witnessed  an  onslaught  and  a  massacre  more  bloody  and 
destructive  than  that  of  1761,  The  empire  of  the  fishes 
waxed  more  powerful  during  the  succeedmg  epochs,  when 
the  "black  shales"  of  the  West,  and,  later,  the  beautiful 
sandstones  of  Waverly  and  Cleveland,  Ohio,  were  the 
ocean's  bed,  and  hordes  of  marine  forms  roamed  over  the 
area  of  Southern  New  York,  and  nearly,  the  whole  of  Mich- 
igan, Indiana,  and  Illinois.  The  Mai-ahall  epoch  probably 
covers  the  latter  part  of  the  period  of  the  Old  Red  Sand- 
stone of  Scotland,  whose  ichthyie  populations  have  been  so 
graphically  described  by  the  author  of  the  "  Asterolcpia  of 
Stromness." 

The  reign  of  the  fishes  was  prolonged  through  the  Car- 
boniferous period ;  but  the  types  which  wielded  the  sceptre 
during  the  later  ages  of  the  empire  assumed  less  question- 
able forma,  and  began  to  approach  the  external  configura- 
tion of  the  fishes  of  our  day.  They  were  mostly  clothed, 
however,  with  bony  scales,  and  the  backbone  extended  into 
the  upper  lobe  of  the  tail,w]iich  was  longer  than  the  lower; 
or,  wliat  is  probably  a  more  correct  view  of  this  structure, 
the  tail  was  supplied  upon  the  under  side  with  a.  supernu- 
merary fin,  the  development  of  which  deflected  upward  the 
true  caudal  fin — the  tail  of  the  sturgeon  and  the  gaipike 
being  as  truly  "homocercal"  as  that  of  the  whitcfish.  It  is 
^■«ad  to  think  of  the  ancient  populousness  and  prowess  of 
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eee  mail-clad  fishes,  and  tlien  turn  to  our  own  times  and 
1  them  redaced  to  a.  few  isolated,  hated,  and  hmited  ape- 
,  The  garpike  or  "billfish"  {Lepidostems),  and  the  stur- 
Q  {Aaipenaer)^  are  the  only  surviving  representatives  of 
Sie  royal  families  of  the  Carboniferous  Age.  In  tun],  the 
mynasty  of  the  flshca  was  superseded  by  that  of  the  rep- 


t  was  impossible  that  air-breathers  should  inhabit  the 
th  before  the  atmosphere  became  purified  of  the  noxious 
ea  which  remained  from  the  ancient  igneous  condition 
jbe.     The  principal  impurity — carbonic  acid — was 
Jestined  to  be  consumed  by  the  demands  of  an  abundant 
restrial  vegetation.    The  latter  part  of  the  reign  of  fishes 
!  marked  by  the  advent  of  multitudes  of  land-loving 
sgetable  forms — the  heralds  of  the  close  of  the  dominion 
ices  whose  element  was  the  water.     It  was  many  ages 
r  its  first  appearance  before  terrestrial  vegetation  he- 
me fully  established.     We  know  that  here  and  there  one 
ese  sti-anger  forms  grew  upon  the  shores  of  those  seas 
[i  were  the  domain  of  the  fish ;  and,  falling  down  upon 
3  beach,  or  borne  along  by  river  torrents,  the  decaying 
ranks  were  drifted  seaward,  and  sunken  among  the  sands 
4ich  entombed  the  bodies  of  the  royal  families  of  the  age. 
e  know  that  the  slight  improvement  in  the  condition  of 
3  atmosphere  was  responded  to  by  the  introduction  of 
f  air-breathers  of  sluggish  and  imperfect  respiration. 
!  name  of  the  oldest  air-breathing  .animal  at  present 
town  to  have  lived  upon  our  earth  is  Telerpelon  Elginenae. 
i  remains  have  been  found  in  the  south  of  Scotland,  lu  a 
V  sandstone  supposed  to  be  of  the  same  age  as  tho 
1  lied  Sandstone.     The  same  rock  has  furnished  some 
7  remains,  formerly  supposed  to  be  the  vestiges  of 
!,  but  now  known  to  be  the  remains  of  reptiles;  and 
Wogists  are  not  by  any  means  of  one  accord  in  the  opin- 
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Q  tbat  those  sandstones  are  oldei-  than  the  Carboniferous 
Age,  or  even  older  than  the  Trias,  Besides  these,  the  moat 
ancient  traces  of  reptilian  remains  occur  in  the  coal-meas- 
ures, which  were  deposited  during  the  decline  of  the  eiu>iro 
of  fishes  in  the  latter  part  of  the  Carboniferous  Age. 

The  geological  history  of  rejitilea  possesses  many  points 
of  extreme  interest ;  and,  in  order  to  make  them  clear  to 
the  reader,  and  to  give  precision  to  the  brief  account  which 
I  am  about  to  furnish,  I  shall  endeavor  to  recall  in  few 
words  the  classification  of  this  grou_p  of  vertebrates. 

Reptiles  propei',  in  point  of  rank,  are  next  above  the 
Batrachiaus,  which  come  next  above  the  Fishes.  Reptiles 
are  purely  aerial  in  their  respiration;  Fishes  purely  aquatic; 
while  the  Batrachiaus  breathe  water  in  infancy,  and  air  at 
matarity,  exhibiting  thus  a  compromise  between  the  ich- 
thyic  and  reptilian  modes  of  respiration.  The  body  of  the 
reptile  is  always  covered  with  scales  or  bony  plates,  while 
that  of  all  modern  batrachiaus  is  smooth  or  "  naked."  The 
I  Tertcbrffl  of  most  reptiles  are  concave  at  one  extremity — 
generally  the  anterior — and  convex  at  the  other ;  the  ver- 
tebrsB  of  batrachiaus  are  concave  at  both  extremities,  like 
those  of  fishes.  There  are  other  distinctions  to  which  I 
need  not  refer.  The  frog  is  the  type  of  the  highest  order 
of  existing  batrachiaus,  the  salamander  of  the  second,  and 
the  "  fisU-Iizard"  of  the  lowest.  The  firat  is  possessed  of  a 
tail  only  in  the  young  or  tadpole  state ;  the  second  retains 
its  tail  during  life ;  and  the  third  retains  both  its  tail  and 
aquatic — or  embryonic — mode  of  respiration. 

Of  reptiles,  three  orders  which  have  played  a  most  con- 
spicuous aud  important  r6le  in  the  history  of  the  world  are 
entirely  extinct,  and  three  others  stiil  sui'vive.  The  tur- 
tles, saurians,  and  serpents,  in  descending  order,  embraoe 
existing  rejitiles.  The  fii-st  are  inclosed  in  a  carapace  or 
P^aheil  i"  the  second  have  elongated  foi-ms,  generally  clothed 
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with  scales  or  liony  plates,  and  almost  always  possess  four 
extremities ;  their  eyelids  are  movable,  and  their  two  jaws 
move  vertically  like  those  of  higher  animals.  The  sci-pentB 
are  equally  clothed  with  scales,  but  their  bodies  are  more 
elongated,  and  destitute  of  limbs;  their  eyelids  are  immov- 
able, and  each  of  their  jaws  is  in  two  pieces;  and  they  have, 
besides,  an  extra  pair  of  jaw-piecee  in  the  roof  of  the  mouth. 
The  extinct  ordere  are  Pterodactyls,  or  flying  reptiles, 
Enaliosanrs,  or  marine  reptiles,  and  Labyrinthodonts,  oi 
reptiles  with  very  comjilicated  structure  in  the  substance 
of  their  teeth,  and,  sometimes  at  least,  with  frog-like  forms. 
They  possess  affinities,  both  with  tme  reptiles  and  with 
batrachians. 

In  1828,  Dr.  Duncan,  a  Scotchman,  had  his  attention  ar- 
rested by  what  appeared  to  be  tracks  of  a  reptile  imprinted 
upon  the  surfaco  of  solid  sandstone  at  Dumfriesshire.  A 
few  years  later,  tracks  somewhat  resembling  the  impression 
of  a  human  band  were  observed  upon  similar  sandstone  in 
Saxony.  These  were  also  attributed  to  reptiles.  In  this 
country,  Dr.  Deane  and  Professor  Hitchcock  noticed  upon 
red  sandstones,  in  the  valley  of  the  Connecticut  River,  nu- 
merous tracks  whxh  they  were  inclined  to  attribute  to 
birds,  as  they  were  evidently  made  by  three-toed  bipeds.  In 
1830,  Professor  Hitchcock  published  the  first  systematic 
account  of  these  footprints,  in  which  he  pronounced  them 
to  be  mainly  the  tracks  of  birds — Ornitkiehnites — a  con- 
clusion whioh  is  very  qnestionable.  In  1844,  Dr.  King, 
of  Philadelphia,  also  described  several  kinds  of  footprints 
upon  rocks  then  supposed  to  be  carboniferous,  but  since 
shown  to  be  of  the  same  age  as  tbe  sandstones  upon  which 
all  the  other  known  tracks  had  been  observed.  The  rocks 
are  the  "  New  Red  Sandstone,"  belonging  to  the  lower  part 
of  the  Jurassic  system,  or  the  upper  part  of  the  TriaBBip|^ 
The  position  is  a  considerable  distance  above  the  coal.     ^ 
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The  fii-st  indication  of  the  exiBteoce  of  reptilian  reniainB 
in  rocks  as  old  as  the  coal  was  the  discovery,  in  1843,  by- 
Sir  William  Logan,  of  some  fqotprints  in  the  coal-meaaQres 
of  Nova  Scotia.     The  first  reptilian  bones  were  discovered 
iu  1852,  in  the  celebrated  coal-measures  of  South  Joggine, 
on  the  Bay  of  Fund y.     The  measures  here  are  two  and 
three  fourth  miles  in  thickness ;  and  along  a  middle  belt 
of  fourteen  bundi-ed  feet  they  abound  in  the  remains  of 
ancient  forests,  the  trunks  and  stumps  of  large  trees  still 
standing  erect,  with  their  roots  still  penetrating  the  an- 
cient soil.     Here,  as  has  been  shown  by  Messrs.  Dawson 
and  Lyell,  root-bearing  soijs  occur  at  sixty-eight  different 
ieveb,  and  between  them  are  deposits  of  shale  and  saud- 
stone,  which  must  have  had  an  aqueous  and  probably  a  ma- 
rine origin,  thus  showing,  beyond  all  controversy,  that  the 
level  of  the  locality  underwent  at  least  sixty-eight  oscilla- 
tions during  about  one  tenth  of  the  period  of  the  coal-meas- 
nrea.    Many  of  these  fossil  tree-trunks  are  hollow,  and  filled 
with  sandstone  containing  vegetable  remains.     In  one  of 
I  these  hollow  trunks  the  hammer  of  the  Acadian  naturalists 
[  laid  bare  some  bones,  which  proved  to  be  the  remains  of 
the  oldest  reptile  at  that  time  known  in  America,  and 
I  wbich  was  subsequently  named  DentJrerpeton  Acadiantim, 
\  Different  individuals  must  have  varied  from  six  inches  to 
[  three  feet  in  length,  and  they  were  probably  batrachians 
[  rather  than  true  reptiles,  though  naturalists  do  not  always 
make  the  distinction.     These  little  animals  seem  to  have 
I  made  their  homo  in  the  hollow  of  the  tree,  and  to  have 
[  been  overtaken  by  the  flood  which  ended  the  epoch  and 
[  buned  them  among  the  other  relics  of  their  time.     Anoth- 
t  er  batrachian  was  discovered  the  same  year  in  the  coal  of 
bPictoH,  in  Nova  Scotia,  and  in  1859  still  another.     The 
l^eader  will  find  these  alt  more  minutely  described  in  Daw- 
kon'a  "Air-breathers  of  the  Coal  Period." 
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In  1B56  the  first  Batrachian  bones  were  described  from 
the  United  Statefi.  These  ■W€re  discovered  by  Dr.  New- 
berry and  C,  il.  VV  lieatley,  at  Linton,  Jefferson  County, 
Ohio.  There  were  three  differeiit  types  of  beings.  The 
firet  had  the  head  and  ribleas  trunk  of  a  frog,  combined 
with  tlic  limbs  and  tai!  of  a  salamander.  The  second  and 
third  had  the  TertebiTe  of  a  salamander,  with  the  libs  of  a 
serpent.  The  firet  of  these  animals  has  been  named  Rani- 
ceps  LyeUi  by  Dr.  Wyman,  of  Bostoa 

In  1863,  Pi-ofeseor  O.  C.  Marsh  described,  from  the  coal- 
meaaures  of  South  Joggins,  Nova  Scotia,  the  remains  of  a 
reptile  somewhat  higher  in  rank  than  any  other  previously 
known  in  rocks  of  so  high  antiquity — a  true  reptile  belong- 
ing to  the  Enaliosaurs,  or  marine  saurians,  and  related  to 
the  huge  reptiles  which  sported  in  the  waters  of  the  Meso- 
zoic  time,  some  of  which  have  been  so  genially  described 
by  Dr.  Mautell.  This  animal,  which  is  believed  to  have 
been  from  twelve  to  fifteen  feet  in  length,  was  probably 
one  of  the  most  fish-like  of  Enaliosaurs.  It  has  been  named 
ESsaurus  Acadianus. 

How  scattered  must  have  been  the  air-breathing  popu- 
lation of  the  globe  when,  after  thirty  years  of  careful  ob- 
servations,  geologists  have  brought  to  light  only  the  fore- 
going brief  list  from  the  carboniferous  rocks  of  the  coun- 
try. I  make  no  note  of  two  or  three  species  of  air-breath- 
ing snails,  a  myriapod,  and  two  or  three  orthopterou^  in- 
sects. Seven  species  only  of  vertebrate  air-breathers — in- 
trepid forerunners  of  the  numerous  populations  of  the  suc- 
ceeding periods-^scouts,  sent  forwai'd  upon  the  earth  to 
6py  out  the  land,  and  test  its  fitness  for  the  occupancy  of 
the  hordes  which  were  to  follow  1 

The  coal  had  been  deposited  ;  cubic  mUea  of  fuel  for  the 
consumption  of  future  generations  had  been  taken  from  the 
atmosphere,  and  packed  in  beds  of  clay  and  sand,  to  await 
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the  arrival'  of  a  far-off  race.     The  air  was  fit  for  the  respi- 
ration of  a  low  order  of  terrestrial  animals,  and,  in  obedi- 
ence to  the  mandates  of  creative  energy,  they  began  to 
come  forth.    There  was  an  interval  of  time  in  the  history 
of  the  world  when  the  scales  of  empire  hung  balanced  be- 
tween the  fishes  and  the  reptiles.    The  first  were  on  the 
wane;  the  latter  were  gathering  strength  from  age  to  age. 
Nature  favored  the  latter.    Omnipotence  bade  them  march 
on,  and  vanquish  and  sweep  from  the  earth  those  lower 
forms  which  had  been  permitted  to  hold  the  mastery  in 
creation  only  because  the  world  was,  as  yet,  nnfit  for  be- 
ings more  exalted  and  wortliy.    These  middle  ages  are   . 
styled  the  Permian  period.    Vegetation  was  still  abundant. 
Though  the  acme  of  vegetable  luxuriance  had  passed,  and 
no  more  vast  deposits  of  coal  were  to  be  treasured  up — at 
least  in  those  portions  of  the  world  preparing  for  the  occu- 
pancy of  the  Caucasian  race — the  trunks  and  leaves  of  the 
flora  of  that  period,  preserved  in  beds  of  sandstone  and 
ahale,  attest  the  product! veo ess  of  the  Permian  soil.    In 
these  ages  of  the  world  the  first  emphatically  lizard-liko 
reptiles  came  upon  the  stage— a  family  belonging  to  the 
Saurians — though  many  of  the  Permian  reptiles  present  a 
[   divergence  from  true  lizards  in  having  their  numerous 
[  teeth  implanted  in  sockets  instead  of  soldered  to  the  mar- 
I  gins  of  the  jaws.     Occasionally,  also,  was  to  be  seen  the 
L  fiog-like  form  of  a  Labyrinthodont  sunning  himself  upon 
Kthe  marshy  border  of  a  Permian  estnaty  (Fig.  09). 
I      Until  within  a  few  years  geologists  were  unacquainted 
■with  any  Permian  rocks  upon  the  American  continent. 
KDr.  Emraons,  however,  in  1&56,  estaWished  the  existence 
fc&f  Permian  i-eptilea  in  a  brown  sandstone  in  North  Caro- 
^lina,  deposited  in  some  of  the  furrows  between  the  folds  of 
Ktiie  Appalachian  upheaval.     A  little  later,  Permian  rocks 
■jMBra  annomiced  from  Kansas  almost  simultaneQUAV'^  V^ 
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Iwnllow,  Meek,  niid  Hal).  The  Permian  rocks  west  of  the 
Da»lw<i{>{it  have  raor«  rocontly  been  subjected  to  thorough 
lavvstigntiunB  by  Swallow,  Meek,  Hayden,  and  Slmmard ; 
tad  th(iu(;h  niudi  of  what  was  first  regarded  as  Permian 
•  now  proven  to  belong  to  the  period  of  the  coal-measurea, 
•  know  that  this  group  of  sediments  is  developed  in  Amer- 
nasoalo  little  Icssmagnificent  thanin  the  ancient Hua- 
n  kiiigduiu  of  P«rm,  which  gave  its  name  to  the  group. 
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THE  BEION  OF  BSPTILES. 


CHAPTER  XVL 


THE   BEiaN    OF 

WE  now  enter  upon  a  new  Age  in  tlie  history  of  the 
world.  The  reptilian  army  haa  arrived  and  taken 
absolute  posseBsion  of  the  land  and  the  eca.  The  highest 
of  these  monarch  reptiles,  in  respect  to  organization,  are 
Bome  lizard-like  creatures  aa  much  at  home  in  the  sea  as 
npon  the  land.  But  especially  does  the  great  deep  swarm 
with  huge  heings  having  the  body  of  a  lizard,  the  immense 
jaws  and  sharp,  conical  teeth  of  a  crocodile,  the  bi-concave 
vertehraj  of  a  fisb,  and  the  short,  flat  paddles  of  a  whale. 
What  a  Hyuthesia  of  charactera  is  here!  The  type  of  the 
age  is  expressed  in  the  lacortiform  trunk  and  tail  Croco- 
diles had  not  yet  existed ;  but  the  jaws  of  these  monsters 
seem  like  an  experiment  preparatory  to  the  supply  of  quan- 
tities of  those  savage  brntes.  Mammals  were  yet  in  the 
distant  future ;  but  here,  in  the  paddles  of  these  Enaliosanrs 
is  a  prophecy  of  coming  cetacea — the  form  which  the  mam- 
malian type  assumes  at  the  point  where  it  comes  in  contact 
with  the  type  of  fishes.  The  reign  of  fishes  is  past ;  but 
here,  in  the  bi-conoave  vertebrse  of  these  sea-monsters  is 
preserved  a  reminiscence  of  the  last  sovereigns. 

This,  the  Triassic  Age,  was  peculiarly  the  reign  of  Laby- 
rinthodont  saurians.  Thirty-five  years  ago  the  tracks  of 
these  anomalous  creatures  were  first  noticed  upon  some  red 
sandStone  in  Saxony,  and  they  have  since  been  discovered 
in  other  parts  of  the  world.  The  peculiarity  of  these  foot- 
prints consists  in  tlieir  hand-like  form,  and  in  the  occur- 
rence of  a  series  of  lai'ger  and  smaller  in  connection  with 
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each  other.  The  latter  circumBtance  led  to  the  opinion 
that  the  poaterior  limbs  of  the  reptib  were  much  stouter 
than  the  anterior,  as  in  the  Icaiigaroo  and  frog.  "When  the 
bones  of  these  animals  were  brought  to  light,  geologists  had 
the  opportunity  to  certify  themselves  that  these  problem- 
atical hand-prints  were  impressed  by  reptilian  instead  of 
raammalian  quadrupeds;  and  that  while  the  weight  of 
characters  allied  them  to  ti-ue  reptiles,  they  nevertheless 
possessed  strong  analogies  with  Batrachians,  and  probably 
sim.ulated  the  form  and  habits  of  the  frog — Ihough  in  truth 
wo  should  say  that  the  frog  was  subsequently  fashioned  in 
the  similitude  of  a  Labyrinthodont,  The  head  was  helmet- 
ed  hy  a  pair  of  broad,  bony  plates,  through  which  were 
openings  for  the  eyes ;  and  some  parts  of  the  body  were 
covered,  especially  in  the  later  ages,  by  a  similar  armor. 
The  striking  characteristic  of  these  ancient  reptiles,  from 
which  they  receive  their  name,  ie  seen  when  a  very  thin 
transverse  section  or  slice  of  one  of  the  teeth  is  viewed  un- 
der the  microscope.  The  external  coating  of  the  tooth, 
called  cement,  is  folded  inward  in  folds  which  i-each  to  the 
central  cavity,  and  in  their  course  are  inflected  into  a  labi/- 
rintk  of  subordinate  lateral  folds.  Some  of  these  frog-like 
quadrupeds  seem  to  have  attained  the  size  of  an  ox.  It  is 
likely  that  they  were  the  representatives  of  the  class  of 
Batrachians  in  those  early  periods,  as  no  other  Batrachia 
are  known  in  the  Trias ;  and  those  before  alluded  to  from 
the  coal-measures  are  known  likewise  to  have  possessed 
the  peculiar  cephalic  plates  of  the  Labyrinthodonts. 

The  Triassie  Age  witnessed  also  the  advent  of  multi- 
tudes of  marine  sanriana  of  the  family  of  Ichthyosaura,  hav- 
ing enormbus  cavities  in  their  craniums  for  the  lod^cnt 
of  the  eyes.  This  type  of  reptiles  is  restricted  to  this  sin- 
gle age  of  the  world.  Here  also  crawled  reptiles  reeem- 
blmg  gigantic  lizards,  serai-aquotic  or  purely  terrestrial  in 


THE  BEI6N  UF  REPTILEti.  175 

their  habits,  having  feet  for  walking  iustead  of  flat,  oar- 
like extremities  for  swimmiiig. 

These  forms  all  disappeared  with  the  dawn  of  a  new  em. 
Their  bones  lie  buried  in  the  geological  cemeteriea  of  Ea- 
rope.  It  is  almost  incredible  that  information  so  exact  caa 
bo  drawn  from  the  few  scattered  fragments  *hich  have 
been  brought  to  light;  but  such  is  the  unity  and  persistr 
euce  of  plan  which  runs  through  the  different  classes  of  the 
animal  kingdom,  that  a  single  tooth,  whether  of  a  living  or 
extinct  species,  will  oflen  suffice  to  enable  the  expert  to 
disclose  all  the  zoological  relationships  of  the  animal  to  . 
which  it  belonged,  to  delineate  its  form,  and  size,  and  hab- 
its of  life ;  as  tho  architect  from  a  single  capital  rescued 
from  a  ruined  edifice  can  declare  not  only  the  general 
style  of  the  entire  architecture,  but  can  reproduce  the  size 
and  proportions  of  the  temple  whoso  spirit  and  method  it 
embodies.  Not  lesa  sublime  than  the  work  of  the  aatron- 
omcr,  who  aits  in  hia  observatory,  and,  by  the  nse  of  a  few 
figures,  determines  the  existence  and  position  in  space  of 
some  far-off,  unknown  orb,  is  that  of  the  paleontologist — 
the  astronomer  of  time-woilds— who,  from  the  tooth  of  a 
reptile,  or  the  bony  scale  of  a  fish  found  thirty  feet  deep  in 
the  solid  rock,  declares  the  existence,  ages  ago,  of  an  ani- 
mal form  which  human  eyes  never  beheld — a  form  that 
passed  totally  out  of  being  uncounted  centuries  before  the 
first  intelligent  creature  was  placed  upon  our  planet — and 
by  laws  as  unening  and  uniform  as  those  of  the  mathe- 
matics, proceeds  to  give  us  the  length  and  breadth  of  the 
extinct  form;  to  tell  us  whether  it  lived  upon  dry  land, in 
marshes,  or  in  the  sea ;  whether  a  breather  of  air  or  water, 
and  frhethcr  subsisting  upon  vegetable  or  aninlal  food.  It 
is  this  unity  of  the  laws  of  animal  life  and  organizatiou 
running  through  the  whole  chain  of  existence,  whether  past 
r  present,  whether  extinct  or  recent,  that  constitutes  the 
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■blime  phtlesophy  of  paleontological  stndieB,  and  assures 
1  that  one  endunug  and  infinite  Inteiligencc  hat^  planned 

i  ezecnted  every  part  of  ci'ealion. 
"Crowds  of  reptile  forms  have  passed  before  onr  view,  but 
we  have  only  just  arrived  at  the  cDlmination  of  the  reign 
of  reptiles — the  Herpetarchy  of  tlie  world's  history.  The 
Jurassic  Age  followed  the  Triassic.  Before  this  time  the 
Trilobites  of  the  Paleozoic  Ages  wore  known  only  in  his- 
tory. The  plain-chambered  ehells  had  been  followed  by 
lobulate-chaiubered  sheila — the  Goniatites — and  these  were 
now,  to  a  great  extent,  superseded  by  the  Ammonites,  a 
family  of  chambered  shells  with  dorsal  siphons  and  ex- 
tremely complicated  partitions  between  tho  chambers.  So 
the  complexity  of  Nature's  products  increased  with  her 
age.  Most  of  the  Ammonites  were  closely  coiled.  In  their 
modifications  and  decorations  the  exuberance  of  Nature 
effloresced  in  hundi-eds  of  distinct  species.  Six  hundred 
representatives  of  this  peculiarly  European  family  are  ex- 
hibited in  the  museum  of  the  University  of  Michigan — one 
of  the  results  of  the  tireless  industry  of  Dr,  C,  Rominger. 
The  laud  was  clothed  with  a  vegetafion  quite  similar  to 
that  of  the  present  day ;  but  the  climate  was  yet  warmer 
than  at  present,  and  many  types  of  plants  and  animals, 
which  to-day  are  confined  within  the  tropics,  were  then  en- 
abled to  range  to  the  Arctic  circle  {Fig.  7o), 

The  great  feature  of  the  age  was  its  reptiles.  These 
were  represented  in  all  their  orders  except  serpents.  Bar 
tracbians  also  existed,  if  we  may  judge  from  some  remains 
found  in  North  Carolina  and  Pennsylvania  in  sandstones 
accumulated  probably  during  this  age.  These  remains  be- 
long to  tht  genns  Composawms,  and  reveal,  like  the  Car- 
boniferous Batrachians,  some  relationship  with  the  Laby- 
rinthodonts.  Better  characterized  Labyrinth odonts  have 
been  described  under  the  name  of  Centemodon,  from  the 
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game  saDdstones  in  Fennsylvania,  and  one  doubtftil  graiiii 
is  known  in  Europe.     This  was  the  last  appearance  c 
type.     It  barely  survived  till  the  opeoing  of  the  Jnra 
Age,  and  then  dropped  totally  from  existence. 

From  the  little  peninsula  of  Nova  Scotia  we  tave  a 
Triasaico-Jnrassic  reptUe  of  lizard-like  affinities,  which  I 
Leidy,  of  Philadelphia,  has  named  £athygnathu»  hori 

The  marine  Saurians  were  present  in  great  force. 
Clqisysaurus  Pennsylvanicui,  paddled  around  the  t 
of  the  bays  which  rested  in  the  valleys  of  tlie  Allegbaniea 
while  two  other  genera — Ichthyosaurue  a.uiJ'lesiosaw 
besides  still  others  of  less  consequence,  made  hideous  t 
waters  of  Central  Europe.     The  animals  belonging  to  t 
last  tv.  o  genera  are  among  the  most  wonderful  and  h 
clitic  that  ever  existed  upon  the  earth.     The  Ichtht 
nts  had  the  general  contour  of  a  dolphin,  the  head  ( 
lizard,  the  teeth  of  a  crocodile,  the  Btemal  arch  of  ai 
thorbynchus,  and  the  paddles  of  a  whale.     The  Plesiosca 
Tua  had  also  the  head  of  a  lizard  and  the  teeth  of  a  eroc)^ 
dile,  in  conjunction  with  the  neck  of  a  swan,  the  trunk  a 
tail  of  a  quadruped,  and  the  extremities  of  a  whale, 
animal  was  undoubtedly  carnivorous,  and  was  adapted  fi 
swimming  around  the  shallow  margins  of  coves  and  b 
and  darting  its  long  and  flexible  neck  beneath  the  surface 
of  the  water  to  seize  its  aquatic  prey.     On  being  pui-sued 
by  the  swift  and  ponderous  Ichthyosaurus,  it  could  dive 
beneath  the  water  and  rest  npon  the  bottom,  while  its 
sei-pcnt-neek  reached  to  the  surface,  and  respiration  con- 
tinued unimpeded  (Fig.  VI). 

But,  strange  as  were  the  comhinations  of  characters  pre- 
sented by  these  two  animals,  they  were  even  surpassed  in 
eccentricity  by  the  Pterodactyls,  which  now  first  sprang 
into  existence.  It  was  not  easy  to  decide,  on  their  first 
discovery,  whether  they  bore  closest  resemblance  to  mam- 
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mals,  bii-cls,  or  reptiles;  but  when  ooitiparative  anatomy- 
became  better  understood,  it  was  perceived  that  their  re- 
lations to  mammals  and  birds  were  only  in  external  forma, 
■while  the  essential  features  of  their  structure  were  undeni- 
ably reptilian.  Every  one  has  heard  of  flying  dragons, 
reptiles  which,  like  "flying  fishes"  and  "flying  squirrels," 
are  able  partially  to  sustain  themselves  in  the  air  by 
means  of  pai'achute-like  expansions  from  their  bodies. 
But  in  the  Pterodactyls  were  true  aerial  reptiles,  as  bats 
are  genuine  flying  mammals  {eee  Fig.  72).  The  Pterodac- 
tyl, in  the  length  of  its  neck  and  form  of  its  head,  resem- 
bled a  bird.  The  trunk  and  tail  were  like  those  of  a  quad- 
ruped. The  numerous  conical  recurved  teeth  were  formed 
after  the  Saurian  type.  The  anterior  extremities  were  con- 
structed after  the  character  of  bats,  the  last  finger  having 
been  greatly  elongated,  and  adapted  for  snpporting  a  mem- 
branous wing,  the  impression  of  which  is  sometimes  pre- 
served in  connection  with  the  bones.  We  know  twenty 
species  of  this  remarkable  order,  all  Old-World  marvels 
save  a  single  pair  of  long  finger-bones  found  at  Phcenix- 
vUle  in  Pennsylvania.  Some  were  no  larger  than  a  snipe, 
while  others  were  capable  of  expanding  their  wings  to  a 
breadth  of  sixteen  feet. 

Along  the  valley  of  the  Connecticut  River,  from  the 
neighborhood  of  New  Haven  to  the  northern  part  of  Mas- 
sachusetts, is  a  brownish-red  sandstone,  resting  mostly  in 
horizontal  beds,  which  have  been  extensively  quarried  for 
building  purposes.  On  the  banks  of  the  river  at  Portland, 
opposite  Middletown,  are  excavations  several  acres  in  ex- 
tent, which  have  been  in  progress  more  than  a  hundred 
years.  Thousands  of  ship-loads  have  been  sent  down  the 
Connecticut,  and  built  into  the  aristocratic  brown  stone 
fronts  of  New  York,  This  formation  furnished  a  valua- 
ble resource  to  the  earliest  settlers  of  Connecticut.     Their 
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flames  and  virtues  are  commemorated  on  the  brown  stone 

labs  still  standing  in  the  oldest  cemeteries.     The  sheets 

f  this  formation  were  spread  out  in  an  elongated  depres- 

n  the  surface  of  the  older  and  underlying  formations. 

a  each  side  of  this  belt  of  horizontal  sandstones  we  reach 

i  limiting  wall  of  tilted  gneisses  and  bubbling  granites. 

Tiese  were  the  land  while  the  waters  of  Long  Island  Sound 

jttretched  throngh  an  estuary  up  to  New  Hampshire,  and 

Eoeived  there  the  waters  of  the  embryo  Connecticut.     If 

rtie  student  of  the  world's  h^pry  will  go  to  the  Portland 

bnarries,  he  will  see,  spread  ^^  the  ground  in  the  vicinity 

ePsome  of  the  offices,  slabs  large  and  small,  bearing  traces 

B  the  imprints  of  the  feet  of  birds.     These  track-beaq^^ 

btyers  of  the  rock  are  found  at  all  depths  in  the  qua^^ 

Tie  formation  is  generally  believed  to  belong  to  the  later 

'riassic  or  earliest  Jurassic  (Fig.  73). 

The  ornithic  character  of  the  footprints  has  been  stren- 

f  argued  by  Dr.  Deaue,  the  discoverer,  and  Professor 

Hitchcock,  the  fii-at  describer   of  these   ichnolites.     This 

1  has  been  supported  by  the  weight  of  such  names 

i  Buckland,  Lyell,  Mantell,  and  Forbes ;  but  all  observa- 

IISoDS  hitherto  made  on  the  distribution  of  organic  types 

trough  geological  time  tend  toward  the  general  principle 

'lat  every  class-type  of  vertebrates,  and  every  ordinal  type 

if  invertebrates,  has  been  introduced  upon  the  earth  in  the 

ine  of  succession  indicated  by  its  rank,  and  there  is  an  d 

wi  improbability  of  the  existence  of  bo  high  a  type  of 

^anization  as  we  find  in  birds — and  birds  of  the  size  that 

I  must  have  been — at  a  time  when  the  reptilian  type 

piad  scarcely  reached  its  culmination. 

Moreover,  the  Pterodactyls  have  made  us  acquainted 

with  the  existence  and  characters  of  bipedal  reptiles  in 

e  very  age  when  the  bipedal  footprints  of  the  Connecti- 

t  sandstone  were  impressed.     It  should  be  noted,  also, 
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that  the  Rhynehosaurvs  of  the  Trias  was  a  three-toed  bi- 
pedal reptile,  as  was  also  the  Mamphorhynehus  of  the  Ju- 
rasBie  (Fig.  ?4) ;  and  some  three-toed  bipedal  tracks  of  the 
Wealden  have  also  been  referred  to  reptiles.  Professor 
Cope,  of  Philadelphia,  the  most  accomplished  herpetologist 
of  our  country,  has  very  recently  enunciated  the  conviction 
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that  the  so-called  bird-tracks  of  the  Connecticut  sandstone 
■were  mostly  made  by  Sathygiwihus,  a  reptOe  to  which  I 
have  already  alluded.  One  fact,  however,  of  comparative- 
ly recent  discovery  I  must  not  omit  to  mention.  Among 
the  lithographic  schists  of  Solenhofen,  in  Bavaria,  have 
been  exhumed  the  remains  of  a  vertebrate"  possessing 
some  of  the  characteristics  of  both  bii-ds  and  reptiles. 
The  tail,  which  is  somewhat  elongated,  after  the  fashion 
of  the  reptiles  of  the  same  age,  is  seven  inches  in  length, 
and  consists  of  twenty  vertebrtG,  but  is  furnished  with  a 
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*  row  of  qails  along  each  side.  The  metacaqjal  bones  are 
four  in  number,  instead  of  two  or  thi-ee,  as  in  birds,  and 
the  pelvis  is  also  decidedly  reptilian.  Whether  bird  or 
reptile,  paleontologists  have  well  hesitated  to  decide.  Pro- 
fesBor  Dana  is  fully  convinced  that  we  ought  to  regard  it 
as  a  "  herpetoid"  bird,  exhibiting  a  transition  from  the  low- 
er to  the  upper  type,  a  composite  type  destined  in  tlie  next 
period  to  be  decomposed  into  two  distinct  class  types. 
Even  if  we  regard  the  Archixoptenyx  as  more  bird  than 
reptile,  and  jdmit  that  beings  of  this  structure  may  have 
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lived  at  one  time  upon  the  mud  flats  of  Connecticut,  it 
does  not  yet  follow  that  the  footprints  under  considera- 
tion were  impreseed  by  typical  birds  like  those  to  which 
these  tracks  have  generally  been  attributed.  [See  Appen- 
dix, Note  VL] 

-     I  am  led,  therefore,  to  dissent  fropi  the  conclusions  of 

'  Dr.  Hitchcock,  and  to  contemplate  the  tridactyl  footprints 
described  by  liim  aa  the  vestiges  of  reptiles — perhaps  orni- 
thoid  reptiles — whose  exact  organization  has  not  yet  been 
ascajtained.  It  is  certainly  one  of  the  wooders  of  geology 
that  BO  many  thousands  of  footprints  should  have  been 
preserved  in  the  aandatooes  of  Connecticut  and  Massaohu- 
Belts,  and  so  very  few  bones  discovered  of  the  creatures 
which  made  them.  In  fact,  the  only  traces  of  bones  thus 
fer  known  were  discovered  in  1820  at  East  Windsor,  and 

■    publicly  noticed  by  Professor  Nathan  Smith,  and  more  mi- 
nntely  described  in  1855  by  Dr.  Wyman.    These  bonea 
B  hollow,  like  those  of  birds,  and  were  thought  to  yield 

.  Bome  support  to  the  bird-track  theory.  But,  besides  the 
presumption  that  the  first  birds  would  not  possess  this  en- 
dowment of  tlie  higher  and  typical  families  o#the  class,  it 
is  well  known  that  many  Jurassic  reptiles — the  Dinosau' 
rians — were  equally  possessed  of  hollow  hones.  The  iio^ 
perfect  condition  of  these  few  remains,  however,  renders  iT 
impossible  to  decide  upon  their  affinities. 

The  number  and  character  of  these  footprints  are  truly 
wonderful.  Dr.  Hitchcock  formed  a  grand  museum  at  Am- 
herst College,  containing  eight  thousand  tracks.  In  iiis  re- 
port on  the  "  Ichnology  of  Kow  England,"  ho  figured  and 
described  from  tlieir  footprints  no  less  than'one  hundred 
and  nineteen  species  of  animals,  of  which  thirty-one  are  re- 
garded as  birds,  and  forty-seven  as  reptiles  and  batrachi- 
ans.  These  footprints  occur  in  regular  series,  extending 
sometimes  a  distance  of  several  feet  over  the  exposed  but- 
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face  of  the  rock  (see  Fig.  V3),  Series  of  tracts  of  various 
sizes  and  species  often  traverse  the  same  slab.  Dr.  Deane 
sent  to  the  British  Museum,  in  1844,  three  alahs  covered 
with  footmarks,  one  of  which  ib  eight  feet  long  and  six  feet 
■wide,  and  contains  over  seventy  tracks  made  by  ten  or 
twelve  different  individuals.  Professor  Marsh  is  at  this 
moment  engaged  in  forming  a  grand  standard  collection  of 
these  footpiints  for  the  museum  of  Yale  College,  and  has  al- 
ready created  a  collection  second  only  to  that  at  Amhergt. 
The  largest  tracks  thus  far  observed  are  twenty  inches 
in  length,  and  were  made  by  a  reptile  whicli  had  a  stride 
of  three  feet,  and  appears  to  have  walked  like  a  biped,  only 
occasionally  bringing  his  fore  feet  to  the  ground.  One  of 
the  speeimena  of  this  species  in  the  Amherst  cabinet  is  a 
slab  thirty  feet  long,  containing  eleven  tracks.  A  slab  in 
the  British  Mnseum  is  impressed  by  footprints  fifteen  inches 
in  length,  forming  a  consecutive  series  of  five  or  six,  and 
being  from  four  to  five  feet  apart.  Whether  bird  or  Sau- 
rian, it  must  have  been  a  formidable  beast  to  be  seen  sti-id- 
ing  along  the  beacb.  Such  populations  once  swarmed  upon 
the  plains  rf  the  Connecticut  Valley,  now  vocal  with  the 
hum  of  civilized  life. 
^  It  is  a  solemn  and  impressive  thought  that  the  footprints 
of  these  dumb  and  senseless  creatures  have  been  preserved 
in  all  their  perfection  for  thousands  of  ages,  while  so  many 
of  the  works  of  man  which  date  but  a  century  back  have 
been  obliterated  from  the  records  of  time.  Kings  and  con- 
querors have  marched  at  the  head  of  armies  across  conti- 
nents, and  piled  up  aggregates  of  human  suffering  and  ex- 
perience to  the  heavens,  and  all  the  physical  traces  of  their 
march  have  totally  disappeared;  but  the  solitary  biped 
which  stalked  along  the  margins  of  a  New  England  inlet 
before  the  human  race  was  bom,  pressed  footprints  in  the 
sofl  and  shifting  sand  which  the  rising  and  sinking  of  the 
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Pcontinent  could  not  wipe  out.  The  blood  of  the  tboasands 
i  hundreds  of  thouaanda  who  fell  on  the  huudred  lierce- 
[  ly-contested  fields  of  the  "  Great  Rebellion,"  and  the  traces 

I  of  the  manful  struggles  which  they  waged,  were  all  washed 
I  out  by  the  nest  spring  rains,  while  even  the  ripple-marks 
I  -of  the  age  of  Saurians,  and  the  impression  of  the  rain-drops 
I  of  the  passing  ehower,  are  perpetuated  in  all  their  distinct- 
L  nesB  through  ages.  Man's  history  is  not  written  on  rocks 
I' and  river  shores.  His  monuments  are  not  footmarks  Jm- 
I  printed  on  the  soil  and  sands  of  earth,  bat  achievements  of 
I  moral  and  intellectual  labor,  less  perishable  tlian  the  visible 
]  records  of  the  ancient  Saurians,  because  inwrought  into  the 
I  lineaments  of  the  indissoluble  soul. 

Even  the  imperishability  of  the  records  of  the  long  es- 

I  tiuct  reptile  suggests  honor,  and  encouragement,  and  hope 
e  mind  of  man.     For  what  are  these  Saurian  footprints 

I I  BO  carefully  preserved,  when  man  is  the  only  intelligence 
I  that  can  duly  ponder  their  significance  ?    Are  they  not  the 

materials  of  thought  which  Providence  has  kindly  stored 

for  a  thinking  race  ?  words  of  revelation  touching  the 
I  vast  movements  in  which  he  has  been  concerned  ?  gleams 

of  light,  which  stream  far  down  the  avenues  of  the  past,  and 
I  disclose  to  our  astonished  eyes  embodied  forms  moving 
[  like  spectres  of  night  across  the  marshes  and  along  the 
!S  of  mid-eternity?  Well  might  the  heavenly-minded 
I  Hitchcock  symbolize  these  teachings  by  the  hinging  of  a 
l  pile  of  rocky  leaves  into  the  similitude  of  a  book.  And 
I  happily  did  chance  or  Providence  direct  the  building  of 
f  Bome  of  the  sheets  of  this  rocky  volume  into  the  wallsof 
kthe  University  at  Middletown,  where  the  student,  wearied 
[  and  befogged  in  the  perplexities  of  human  dialects,  could 
[look  upward  to  the  library-stones  of  his  alma  mater,  and 
jh  his  soul  with  the  interpretation  of  the  language  of 

ethe  Omniscient. 
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I  hasten  to  the  conclusion  of  ray  sketcli.  This  rejitile- 
ntducing  age  of  the  world  was  fruitful  in  the  varied  foi-ms 
f  gigantic  lizards  and  crocodiles.  To  the  former  belong 
•ydorua  rr  I  and  probably  iSaw)*op«8^ri»weii«a  of 
Ae  New  R  d  Sand  t  n  f  Pennsylvania,  and  Bathygna- 
s  borealis  (  b  f  stited)  of  similar  rocks  in  Nova 
iootia.    Th  dl       t  the  earlier  epoch  of  the  Jurassic 

lip  n  th  arth  n  herds.  They  mostly  possessed 
e  peculianty  of  having  their  vertebne  concave  before  and 
Iwhind,  like  those  of  fishes — a  character  for  which  the  term 
mphieodian  has  been  invented  by  Owen.  A  few,  as  the 
mdylus,  were  exceptional  among  vertebrates,  in 
Wring  their  vertebrffl  convex  before  and  concave  behind 
pi3thoccdian),  while  the  rule  among  all  existing  animals 
f  this  family  is  to  have  the  vertebrsa  concave  before  an^ 
jnnvex  behind  {proaidian). 

■  The  most  gigantic  of  all  r^tiles  that  ever  crawled  over 

^e  face  of  the  earth  or  swam  in  its  watera  were  those  of 

3  family  of  Dino3aurian3,■vf^loie  elongated  and  ponder- 

B  forms  must  grace  the  picture  of  Oolitic  and  Wealden 

Oftheae,  theJ/e^afo^auriMwas  the  advance  guard, 

rad  measured  forty  feet  in  length.     The  Iguanodon  and 

yrosaurus  followed  in  the  Wealden  epoch,  the  former  of 

n'hich  was  sixty  feet  in  length  and  the  latter  seventy  I 

Startles,  the  highest  order  of  reptiles,  made  their  advent  in 

pmall  numbers  toward  the  close  of  the  Jai-assic  Age,  but 

lever  flourished  in  abundance  till  after  the  reign  of  gigan- 

%G  saurians.    Just  as  the  curtain  was  falling  on  the  scenes 

rad  actors  of  this  wonderful  drama  of  reptilian  life,  two  or 

phree  small  mammals  ran  upon  the  stage,  and  gave  them- 

i  up  to  extinction  barely  in  time  to  enable  us  to  say 

Bhat  the  highest  class  of  vertebrates  added  its  contribution 

0  the  animal  variety  of  that  period  in  which  the  Alps  were 

seumulating  as  sediments  in  the  bottom  of  the  sea.     We 
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have  hooored  tflv  memories  by  bestowing  npon  ibcin  snrh 
names  as  TAtfiaeot/Krium,  /Ka^ooJofAeriKm,  and  VromalAt- 
rium,  the  latter  of  which  was  discorervd  by  Prodsaor  En* 
mons  in  Xonh  Carolina,  and  all  of  whkh  occnpy  a  low  pft- 
eition  in  their  class. 

The  Cretsc«oiiB  Age  followed  ihe  Jurassic,  and  the  Weald* 
en  epoch  was  its  first  chapter — unless  wo  a<lopt  the  lat« 
itnggestitHi  to  annex  it  to  the  Jurassic.  The  hi-rpelology 
of  this  epoch  has  been  worked  out  by  that  ctutncnt  g;colo- 
gist  and  good  man,  the  late  Dr.  ManlelL  Bcsidee  its  flying 
reptiles,  and  crocodiles,  and  turtles,  here  was  the  jnbiloo 
of  those  enormous  saurians  just  mentioned.  The  Dinosaurs 
were  characterized  by  the  presence  of  a  medullary  cavity 
in  their  long  bones,  as  in  mammals ;  by  their  short-toed 
feet,  like  those  of  the  rhinoceros ;  by  their  sacrum,  com- 
posed of  five  or  more  vertebras  consolidated,  while  in  all 
other  reptiles  it  consists  of  t*o  or  less ;  by  the  articulating 
of  the  lower  jaw  so  as  to  adapt  it  for  lateral  or  grimliiig 
movements ;  by  the  double  head  of  their  ribs,  and  by  the 
elevation  of  the  body  from  the  ground  when  walking.  In 
all  these  characters  they  show  an  approach  toward  the  class 
of  mammals.  The  age  of  mnmmnls  was  not  yet ;  but  ll  waa 
prophesied  and  heralded  from  afar  by  these  few  senlenoCB 
transcribed  upon  the  bulletin  of  croatiou.  The  length  of 
the  femur  or  thigh-bone  of  the  Iffuanodon  waa,  when  full 
grown,  more  than  four  feet  and  a  half,  while  its  oiroumfer. 
ence  around  the  head  was  fifty  inches,  and  around  iJio 
smallest  part  of  the  bone  twenty-five  inches.  The  teeth 
were  obtusely  conical  and  laterally  compressed,  ao  as  to 
present  a  cutting  edge,  which  was  serrated,  thus  resem- 
bling the  teeth  of  the  Mexican  iguana,  from  which  the  fos- 
sil reptile  was  named.  It  was,  undoubtedly,  eminently  ter- 
restrial in  its  habits,  and  subsisted  by  browsing  from  the 
trees  of  the  time,  as  was  the  habit  of  thu  mastodon  of  a 


later  porioil.  Twigs  of  cypresseB  liave  broi  found  fossil  in 
its  stomach ;  and  Dr,  Mantell  possessed  a  jaw  in  whioh  the 
teeth  had  been  worn  down  by  tritnration  of  food  to  half 
theii"  original  length. 

With  peculiar  pleasure  I  turn  now  to  resultB  of  the  study 
of  American  cretaceous  reptiles,  which  are  no  less  brilliant 
and  no  less  marvelous  than  those  of  Mantell  and  Owen  in 
the  Old  World.  Thanks  to  the  skill  of  Dr.  Leidy  and  Pro- 
fessor Cope,  both  of  Philadelphia,  the  cretaceous  beds  of 
New  Jersey  have  been  forced  to  yield  up  the  secrets  of 
their  life-history.  We  now  know  that  while  the  chalk 
was  accumulating  in  Europe,  the  marshes,  and  jungles, 
and  bayous  of  the  American  shores  were  the  scene  of  as 
busy  and  intense  a  life  as  swarmed  upon  the  coasts  of  En- 
gland, France,  or  Germany.  The  Cimoliasaur  {Gimolia- 
lavrus  niagnua,\i&\Ay)  and  Elasmosaur  {Elasmosaurua  ori- 
entalis,  Cope)  presented  the  form  of  huge  sea-seqjents  from 
twenty-five  to  forty  feet  in  length.  The  body  was  swollen 
out  to  dimensions  exceeding  those  of  an  ox,  and  was  fur- 
nished with  a  pair  of  flippers  like  the -whale.  The  neck 
and  tail  were  elongated,  and  in  the  latter  the  tail  was  flat- 
tened, and  probably  used  as  an  oar  in  sculling.  These 
were  carnivorous  monsters,  and  probably  made  fierce  war 
upon  the  feeble  representatives  of  the  waning  dynasty  of 
fishes.  The  wrecks  of  the  Mosasaur,  of  another  order  of 
reptiles,  are  strewn  along  the  ancient  coast-line  from  New 
Jersey  to  Alabama,  where,  at  Selma  and  Cahawba,  I  have 
seen  fragments  of  their  ponderous  skeletons  protruding 
from  the  face  of  the  limestone  cliffs  cat  down  by  the  Ala- 
bama River.  The  turtles  of  the  period  contributed  a 
uniqne  variety  to  the  reptile  fauna.  Not  less  than  twen- 
ty-two species  have  been  described  from  the  cretaceous 
sands  of  New  Jersey,  Nine  of  these  were  marine  "  snap- 
ping turtles."    One  of  the  latter  {JSuclastea  jAaiyopSy  Cope) 
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had  a  Lead  twelve  inches  in  length,  indicating  a  "snapping 
tnrtle"  of  the  formidable  length  of  six  feet.  The  power  of 
Bnch  an  animal  may  be  estimated  by  comparison  with  the 
familiar  "  snapper"  of  modern  times. 

But  the  most  abundant  of  all  the  Cretaceous  reptiles  of 
the  Atlantic  coast  were  Crocodilians.   At  the  time  of  which 
speak  they  must  have  literally  swarmed  along  what  is 
V  the  river-front  of  Philadelphia.     They  peopled  every 

'  pool  and  lagoon  along  the  cretaceous  shore  of  Pennsylva- 
The  Deiaosaurs,  however,  were  the  great  feature  of 
the  bayou  and  the  estuary. '  Like  their  kindred  of  the  Old 
World,  they  rivaled  in  bulk  the  yet  future  mammoth  and 
mastodon,  "  They  exceeded  these,"  says  Professor  Cope, 
"  in  their  bizarre  and  portentous  aspects ;  for  some  have 
chiefly  squatted,  some  leaped  on  the  hind  limbs  like  the 
kangaroo,  and  some  stalked  on  erect  legs  like  the  great 
birds,  with  small  arms  hanging  nselessly  by  their  sides, 
and  with  bony  visage  surveying  land  and  water  from 
their  great  elevation." 

One  of  the  most  remarkable  of  these  reptiles  was  the, 
Lselaps  {X.  aquiluiigvis,  Cope),  a  carnivorous  kangaroo-like 
quadruped  twenty-three  ftet  in  length.  It  seemed  a  rude 
attempt  of  Nature  to  realize  the  notion  oP  a  bird  in  the 
framework  of  an  alligator.  It  walked  entirely  on  its  hind 
limbs,  or  leaped  like  the  kangaroo.  "  Its  toes  were  long 
and  slender,  and  probably  similar  in  number  and  form  to 
those  of  a  bird  of  prey.  They  were  ai-med  with  flattened 
hooked  claws,  which  measured  from  ten  inches  to  a  foot  in 
length,  and,  like  those  of  the  eagle,  were  adapted  for  grab- 
bing and  tearing  prey.  The  teeth  were  adjuncts  in  this 
appropriation  of  animal  life;  they  were  curved,  knife- 
shaped,  and  crimped  or  serrate  on  the  margin,  and  adapt- 
ed like  scissors  for  cutting"  (Fig.  T5).     Tliis  was  the  most 

•  formidable  land  carnivore  of  the  continent,  and  eecoiid  to 


8KET0HS8   OF  OSSATtOlf. 


c  of  the  Old  World.    It  wae  the  MegaU 


of  Anier- 


Aiiother  of  the  gigantic  reptiles  which  carried  on  a  war 
of  extermination  upon  the  fields  destined  to  be  ensan- 
guined by  the  battles   of  Trenton 
,  -"     /  and   Brandywine  was   the   Hadro- 

sanr  {IlQdrosauniB  Foulki,  Leidy). 
The  visitor  to  the  museum  of  the 
Academy  of  Sciences  of  Pliiladel- 
phia  can  not  fail  to  be  impressed  by 
the  skeleton  of  one  of  these  mon- 
sters mounted  in  the  attitude  of 
browsing  from  a  cycadeous  tree. 
This  piece  of  wor^  is  by  the  emi- 
nent restorer  of  extinct  animals,  B. 
Waterhouae  Hawkins,  Esq.,  of  Lon- 
don, to  whose  coiit'teey  I  am  indebt- 
ed for  the. photographic  view  which 
adorns  the  opposite  page  (Fig.  7fl). 
Sig.  T6.  Tootii  of  aa  anclont  The  Hadrosaur  attained  the  leneth 

Sew JerecT  90B linn' (tirlops       „    ,  .  /. 

aqununtp'tf),  xhowina  'wo  of  thirty  feot.  The  femur  or  thigh-' 


bone  was  sometimes  five  feet  in 
length,'  exceeding  by  more  than  a  foot  the  maximum 
length  of  the  femur  of  the  Iguanodon  of  England,  the 
largest  of  the  hitherto  known  land  reptiles.  The  fore 
limbs  were  less  than  half  the  length  of  the  hind  limb& 
The  foi-m  of  the  feet  and  toes  shows  that  ,^hey  were  poorly 
adapted  for  swimming.  In  its  habitual  attitude  it  rested, 
like  the  kangaroo,  upon  its  enormous  hind  limbs  and  taiL 
With  its  supple  anterior  extremities  it  reached  upward  to 
the  foliage  of  the  tree  destined  to  afford  it  food,  and  drew 
the  branches  down  within  the  reach  of  the  grinding  jaws. 
Not  unlikely  this  land-monster  walked  at  times  upon  its 
hind  feet,  while  the  ponderous  tail  dragged  behind. 


TSS  BElaS  OF  REPTILES. 

Thus,  on  both  continents,  gigautio  reptiles  long  time 
swayed  the  sceptre  over  the  entire  animal  creation.  But 
their  empire  was  approaching  its  end.  One  of  those  throes 
of  Nature,  through  which  new  annexations  of  land  to  the 
continent  were  ef 
fected,  ushered  in  | 
the  closbg  stage  i 
of  Mesozoic  Time. 
The  conditions  of  I 
life  were  changed  ;  ] 
all  the  peculiar  , 
types  whose  histo- 
ry we  have  traced 
dropped  out  of  ex 
istence,  and  mam- 
mals assumed  the 

Turtles  recti 
accessions  of  num 
bera,  and  serpont- 
now  first  uncoiliil 
their  Binuou^ 
lengths,  while  b  i 
trachiaus  made  tli 
bayous  and 


uth 


the    ■ 


piping  1 
oi  a  myriad  voices  ^ 

Among  the  latter  a  salamander, known  aB^NtfrtasiScAgMcA- 
zert,  has  attracted  most  attention,  in  consequence  oi  hav- 
ing for  a  long  time  been  regarded  as  the  skeleton  of  a  man, 
who  thus,  by  the  fossiUzation  of  his  remains,  was  supposed 
to  attest  the  reality  of  the  Deluge  of  Noah. 
Such  is  a  hasty  glance  at  the  Age  of  Reptiles.  Success- 
I 
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reiice  on  the  north,  and  a  similar  estuary  of  the  embryo 
Connecticut  on  the  west  (Fig.  67).  Toward  the  close  of 
this  reign  the  continent  had  assumed  the  similitude  of  its 
present  form  and  extent  (Fig.  11).  The  Atlantic  coast 
stretched  from  the  neighborhood  of  New  York  City  to  the 
Delaware  River,  and  thebce  southwestward  to  South  Car- 
olina, along  a  line  now  sixty  or  seventy  miles  inland.  Del- 
aware and  Chesapeake  Bays  were  consequently  out  at  sea, 
and  the  Delaware  River  emptied  into  the  Atlantic  at  Tren- 
ton. From  South  Carolina  the  shore-line  turned  gradually 
westward,  and  crossed  the  States  of  Georgia,  Alabama,  ard 
Mississippi  at  the  distance  of  one  or  two  hundred  miles 
from  the  present  gulf  coast.  A  deep  4)ay  set  northward 
along  the  future  valley  of  the  Mississippi  River  as  far  as 
the  mouth  of  the  Ohio,  or  beyond,  so  that  at  this  time  the 
confluence  of  those  two  rivers  was  at  their  mouth.  West 
of  the  Missouri  was  a  vast  inland  sea  or  elongated  gulf, 
which  stretched  along  the  eastern  flanks  of  the  Rocky 
Mountains  to  the  Arctic  Ocean.  This  gulf  was  perhaps  in- 
terrupted at  one  or  two  places  by  spurs  of  the  mountains. 
Into  this  gulf  emptied  the  Athabasca,  Slave,  and  Great 
Bear  Lakes.  The  upper  watershed  of  the  present  Missouri 
was  beneath  the  sea ;  and  the  basin  of  the  Mississippi  was 
more  limited  in  extent  than  that  of  the  Ohio,  which  proba- 
bly was  the  larger  stream.  West  of  this  Mediterranean 
Gulf  was  a  broad  belt  of  land  stretching  from  the  isthmus 
far  to  the  northwest,  and  probably  to  Behring's  Straits,  if 
not  across  them.  The  Pacific  coast  was  a  hundred  and 
fifty  miles  farther  inland  than  at  present.  Lake  Superior 
was  the  only  one  of  the  great  lakes  then  in  existence.  The 
stream  which  drained  it  wound  past  the  future  sites  of  De- 
troit, Cleveland,  and  Buffalo,  and,  plunging  over  the  escarp- 
ment near  Lewiston,  became  the  ancestor  of  the  present  St. 
Lawrence.     The  basins  of  the  other  lakes  are  the  result  of 
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later  geological  agencies.  Pi-obaly  largo  portions  of  Green- 
land and  other  arctic  lands  had  emerged,  Itesides  the  prin- 
cipal portion  of  the  West  India  Islands. 

The  climate  of  the  period  was  much  warmer  than  that 
of  tlie  same  localities  in  the  present  age.  Coral-buildera, 
and  other  marine  aoimals  now  restricted  to  tropical  regions, 
then  flourished  throughout  the  whole  length  of  the  conti- 
nent, from  latitude  60°  north  to  the  Straits  of  Magellan  on 
the  south.  The  superior  warmth  of  former  ages  of  the 
world  is  probably  due,  in  some  measure,  to  the  more  highly 
heated  condition  of  the  globe — a  source  which,  through ^all 
ages,  has  been  undergoing  a  gradual  diminution.  It  has 
also  been  auggeateH  that  the  connection  which  existed  be- 
tween the  Gulf  of  Mexico  and  the  Arctic  Ocean  permitted 
the  Gulf  Stream  to  flow  through  the  centre  of  the  conti- 
nent, and  thus,  while  it  carried  a  tropical  temperature  far 
toward  the  north,  ameliorated  the  climate  of  the  regions  to 
the  east  of  it,  as  the  same  ocean  stream  now  moderates  the 
cold  of  high  latitudes  upon  European  shores.  Thus,  while 
the  Northern  States  were  terra  Jirma,  the  rich  cotton-fields 
of  Alabama  and  Texas  were  gathering  their  calcareous  sed- 
iments beneath  the  Gulf  of  Mexico,  Fleets  might  have 
sailed  over  the  rolling  prairies  of  Kansas  and  Dacotah,  and 
the  anchor  of  the  mariner  might  have  fastened  in  the  sum- 
mit of  Pike's  Peak.  But  fleets  ofN'autili,  and  their  cousins 
the  Ammonites,  were  the  only  keels  that  plowed  that  Med- 
iterranean sea,  and  the  polyp  and  the  oyster  were  the  only 
mariners  that  cast  their  anchor  on  the  suuken  ridges.  East- 
ward, the  broad  rolling  plains  of  Illinois  and  Ohio  were 
adorned  with  a  growth  of  auh-tropical  vegetation,  and  the 
west  wind  of  even  a  winter  sky  breathed  softly  over  its 
never-fading  foliage.  But  the  shining  cities  of  the  West 
were  not  there.  The  kingly  alligator  alone  disturbed  the 
waters  of  the  Ohio.     The  railroad  car,  the  church  spire,  the 
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ive  phases  of  animal  life  have  swept  like  waves  over  the 
surface  of  our  planet,  but  none  has  been  more  striking  or 
more  real  than  that  which  was  dominant  through  Mesozoic 
time.  Throughout  the  whole  extent  of  Great  Britain  there 
has  not  been  known  a  single  large  reptile  during  the  hunian 
era ;  yet  in  the  single  era  of  the  Wealden  the  British  do- 
minions maintained  four  or  five  species  of  Dinosaurs  fifteen 
to  twenty  feet  in  length,  ten  or  twelve  Crocodilians,  Lacer- 
tians,  and  Enaliosaurs  ten  to  fifty  or  sixty  feet  in  length, 
besides  Pterosaurs  and  Turtles,  to  say  nothing  of  the  prob- 
ably numerous  species  whose  fossil  remains  have  as  yet  es- 
caped observation.  These  successive  swells  in  the  stream 
of  animal  life  are  convenient  stand-points  from  which  to 
note  the  progressive  development  of  organic  existence. 
The  history  of  reptiles,  like  that  of  fishes,  presents  some 
remarkable  exceptional  features,  which  have  a  most  im- 
portant bearing  upon  the  question  of  "development," 
which  is  taking  a  front  rank  among  the  questions  of  the 
age.  But  these  aspects  of  the  case  are  reserved  for  future 
consideration. 


QEOQSAFHY  OF  THE  EMPIRE  OF  REPTILES.   195 


CHAPTER  xvn. 

THE   GEOllKAPHY   OF  THE    KUPIKE   OF   KEFTILEa. 

CONTINENTS  have  been  developed,  like  organisms, 
from  their  primeval  germs.  Geologic  force,  like  vital 
force,  operates  always  toward  the  accomplishment  of  some 
definite  end ;  and,  notwithstanding  its  vicissitudes,  there  is 
little  difficulty  in  perceiving  how  every  phenomenon  of  one 
age  has  been  contemplated  and  ministered  to  by  the  evento 
of  all  preceding  ages.  The  American  Continent  is  not  a 
single  upthrow  of  volcanic  force,  but  a  gradual  growth,  be- 
ginning before  the  creation  of  the  first  animals  and  plants, 
and  proceeding  by  a  certain  method  throngh  ail  the  sobse- 
quent  ages  even  to  the  present,  and  receiving  from  time 
to  time  such  progressively  improved  existences  as  its  pbys- 
icaL  circumstances  permitte'L  At  first  it  was  an  angulated 
ridge  of  land  in  the  centre  of  tbe  present  continental  area 
(Fig.  20).  Then,  by  successive  upheavals,  belts  of  incre- 
ment were  added  on  the  southeast  and  southwest,  till  the 
ancient  ocean  has  been  narrowed  to  ita  present  limiui.  Like 
the  exogenoos  growth  of  an  oak,  the  increase  has  been  al- 
ways upon  the  outside.  So  the  vast  continent  baa  been 
built  up  and  configurated  in  accordance  with  a  method  as 
definite  as  that  which  has  shaped  the  globe  itself. 

The  empire  of  molluscs  saw  the  greater  portion  of  the 
continent  the  bed  of  the  sea.  The  reign  of  fishes  witnessed 
the  emergence  of  only  the  extreme  northeastern  and  north- 
western portions  of  the  United  States  (Fig.  55).  In  the 
earlier  part  of  the  reign  of  reptiles  New  England  was  a 
'  peninsula  hemmed  in  by  the  broad  estuary  of  the  St.  Law- 
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reiice  on  the  north,  and  a  simikr  estuary  of  the  embryo 
Connectitjut  on  the  wewt  (Fig.  67).  Toward  the  close  of 
this  reigQ  the  continent  had  assumed  the  similitude  of  its 
present  fomi  and  extent  (Fig.  77).  The  Athintic  coast 
stretched  from  the  neighborhood  of  New  York  City  to  the 
Delaware  River,  and  tlience  Bouthwestward  to  South  Car- 
olina, along  a  line  now  sixty  or  seventy  miles  inland.  Del- 
aware and  Chesapeake  Bays  were  consequently  out  at  sea, 
and  the  Delaware  River  emptied  into  the  Atlantic  at  Tren- 
ton. From  South  Carolina  the  shore-lino  turned  gradually 
westward,  and  crossed  the  States  of  Georgia,  Alabama,  ar.d 
Mississippi  at  the  distance  of  one  or  two  hundred  miles 
from  the  present  gulf  coast.  A  deep  4)ay  set  northward 
along  the  future  valley  of  the  Mississippi  River  as  far  as 
the  mouth  of  the  Ohio,  or  beyond,  so  that  at  this  time  the 
confluence  of  those  two  rivers  was  at  their  mouth.  West 
of  the  Miaaouri  was  a  vast  inland  sea  or  elongated  gulf, 
which  stretched  along  the  eastern  flanks  of  the  Rocky 
Mountains  to  the  Arctic  Ocean.  This  gulf  was  perhaps  in- 
terrupted at  one  or  two  places  by  spurs  of  the  mountains. 
Into  this  gulf  emptied  the  Athabasca,  Slave,  and  Great 
Bear  Lakes.  The  upper  watershed  of  the  present  Missouri 
was  beneath  the  sea;  and  the  basin  of  the  Mississippi  was 
more  limited  in  extent  than  that  of  the  Ohio,  which  proba- 
bly was  the  larger  stream.  West  of  this  Mediterranean 
Gulf  was  a  broad  belt  of  land  stretching  from  the  isthmus 
far  to  the  nortliwest,  and  probably  to  Behring's  Straits,  if 
not  across  thom.  Tlie  Pacific  coast  was  a  hundred  and 
fifty  miles  faither  inland  than  at  present.  Lake  Superior 
was  the  only  one  of  the  great  lakes  then  in  existence.  The 
stream  which  drained  it  wound  past  the  future  sites  of  De- 
troit, Cleveland,  and  Buffalo,  and,  plunging  over  the  escarp- 
ment near  I,ewiston,  became  the  ancestor  of  the  present  St. 
Lawrence,     The  basins  of  the  other  lakes  arc  the  result  of 
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later  geological  agoncies.  Probaly  large  portions  of  Green- 
land and  other  arctic  lands  had  emerged,  besides  the  prin- 
cipal portion  of  the  West  India  Islands, 

The  climate  of  the  period  was  much  warmer  than  thai 
of  tSe  same  localities  in  the  present  age.  Coral-builders, 
and  other  marine  animals  now  restricted  to  tropical  regions, 
then  flourished  throughout  the  whole  length  of  the  conti- 
nent, from  latitude  60°  north  to  the  Straits  of  Magellan  on 
the  south.  The  superior  warmth  of  fonner  ages  of  the 
world  is  probably  due,  in  some  measure,  to  the  more  highly 
heated  condition  of  the  globe — a  source  which,  through  jill 
ages,  has  been  undergoing  a  gradual  diminution.  It  lias 
also  been  suggested  that  the  connection  which  existed  be- 
tween the  Gulf  of  Mexico  and  the  Arctic  Ocean  permitted 
the  Gulf  Stream  to  flow  through  the  centre  of  the  conti- 
nent, and  thus,  while  it  caiTied  a  tropical  temperature  far 
toward  the  north,  ameliorated  the  climate  of  the  regions  to 
the  east  of  it,  as  the  same  ocean  stream  now  moderates  the 
cold  of  high  latitudes  upon  European  shores.  Thus,  while 
the  Northern  States  were  terra  Jirma,  the  rich  cotton-fields 
of  Alabama  and  Texas  were  gathering  their  calcareous  sed- 
iments beneath  the  Gulf  of  Mexico.  Fleets  might  have 
sailed  over  the  rolling  prairies  of  Kansas  and  Dacotah,  and 
the  anchor  of  the  mariner  might  have  fastened  in  the  sum- 
mit of  Pike's  Peak.  But  fleets  otNautUi,  and  their  cousins 
the  Ammonites,  were  the  only  keels  that  plowed  that  Med- 
iterranean sea,  and  the  polyp  and  the  oyster  were  the  only 
mariners  that  cast  their  anchor  on  the  sunken  ridges.  East- 
ward, the  broad  rolling  plains  of  Ilhnois  and  Ohio  were 
adorned  with  a  growth  of  sub-tropical  vegetation,  and  the 
west  wind  of  even  a  winter  sky  breathed  softly  over  its 
never-fading  foliage.  But  the  shining  cities  of  the  West 
I  were  not  there.  The  kingly  alligator  alone  distiirbed  the 
I    waters  of  the  Ohio,     The  railro.ad  car,  the  church  spire,  the 
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Black  Seas  of  the  Old  World.  Indeed,  the  area  covered 
by  this  shallow  expanse  of  deserted  and  isolated  sea-water 
was  the  Lectonia  of  the  New  World,  which,  like  the  level 
region  in  the  south  of  Russia,  once  overflowed  by  the  high- 
er waters  of  the  great  seas  which  stretch  along  the  confines 
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Fig.  77.  Outlines  of  the  North  American  Continent  at  the  end  of  Mesozoic  Time. 

The  existing  honndaries  are  indicated  by  dotted  lines, 
a,  a,  a.  The  ^eat  Tertiary  Sea,  stretching  from  the  Arctic  Ocean,  along  the  eastern 

flanks  of  the  Rocky  Mountains,  to  Texas,    b,  b.  The  great "  CentralPlateau,"  in 

modern  times  a  womrovt  continental  area. 

of  the  two  continents,  was  destined  to  be  gradually  drained. 
The  drainage  in\)oth  cases  was  effected  partly  by  the  up- 
raising of  the  continent,  and  partly  by  the  bursting  of  bar- 
ners  and  deepening  of  channels  at  the  point  where  the  im- 
prisoned waters  were  escaping.     But,  while  the  drainage 
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of  the  Eumpeaii  Lectonia  was  an  event  which  reaches  down 
within  the  grasp  of  humait  tradition,  the  drainage  of  the 
American  Lectonia  was  an  event  shrouded  in  the  obscnri- 
tiea  of  the  pre-Adamic  ages.  Thus  again  we  discover  that 
the  "  New  World"  is  in  ideality  the  oldest. 

This  broad  expanse  of  Tertiary  waters  stretched  across 
the  western  part  of  Dakotali  and  Nebraska.  At  the  same 
time,  the  Mexican  Gulf,  though  outlined  somewhat  after  the 
modem  fashion,  was  left  a  hundred  miles  more  extended 
than  at  present  on  the  west  and  north,  and  i-eaehcd.ita  long 
arm  up  the  valley  of  the  Mississippi  to  the  mouth  of  the 
Ohio,  beckoning  to  the  cooler  waters  of  the  North  to  come 
and  lave  its  tropic  shores.  This  arm  was  the  southern 
representative  of  the  Gulf  of  the  St.  Lawrence.  The  pe- 
ninsula of  Florida  was  a  coral  reef.  A  broad  belt  of  the 
Atlantic  States  to  New  York  was  yet  a  sea-bottom,  and 
the  Pacific  yet  held  possession  of  the  lowland  zone  of  the 
western  slope.  Now  the  Missoori  River  came  into  exist- 
ence, born  of  the  great  central  sea.  Still  the  Niagara  Riv- 
er thundered  away  in  an  ancient  excavation,  which,  like  the 
work  of  the  men  of  Nineveh,  was  destined  to  be  buried  be- 
neath the  rubbish  of  coming  ages,  and  lie  a  long  time  un- 
remembered.  Now  the  eastern  ranges  of  the  Rocky  Moun- 
tains were  fii-at  lifl.ed  above  the  deep.  During  subsequent 
ages  they  underwent  further  upheavals,  while  the  waters 
of  the  Gulf  and  the  great  oceans  were  rolled  back  to  their 
pi-esent  positions. 

The  epoch  which  follow  ed  the  last  great  npheaval,  and 
witnessed  the  events  transpiring  on  the  shores  of  the 
American  Mediterranean,  marked  the  dawn  of  the  present 
order  of  things.  All  subsequent  time  has  hence  been 
styled  Cenozoic.  The  populations  which  swanned  upon 
the  earth  during  each  preceding  epoch  disappeared  in  turn, 
and  their  places  were  occupied  by  forms  generally  more 
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ad\-aiiceil.  Oi'  the  thousands  of  species  that  had  their  be- 
ing during  the  Paleozoic  aud  Mesozoic  Ages,  not  one  has 
survived  to  the  present.  The  specific  types  are  all  extinct. 
Sow,  on  the  contrary,  in  the  dawn  of  the  Cenozoic  Ages, 
a  fauna  was  created,  of  which  a  few  representatives  have 
survived  to  modem  times.  The  survivors,  however,  are 
all  marine.  Another  feature  of  the  fauna  of  this  era,  indi- 
cating the  approach  of  the  human  period,  was  the  advent 
of  multitudes  of  mammals,  a  class  of  which  man  is  the 
head,  .Some  of  the  lowest  terrestrial  mammals  seem,  it  is 
true,  to  have  made  theii-  appearance  a  long  time  previous- 
ly in  the  Jurassic  Age,  and  perhaps  even  in  the  Triassic, 
but  nothing  more  is  seen  of  the  class  till  the  beginning  of 
the  Tertiary.  Like  the  Devonian  reptiles,  they  seem  to 
have  run  far  in  advance  of  their  class,  and  to  have  totally 
perished  for  their  temerity.  The  full  numerical  develop- 
ment and  ascendency  of  mammalian  quadrupeds  are  the 
characteristics  of  the  Tertiary  Age. 

The  immortal  George  Cuvier  was  the  first  to  bring  to 
light  abundant  relics  of  these  mastei's  of  a  former  world. 
The  vicinity  of  Paris  seems  to  have  been  an  ancient  bury- 
ing-place  of  extinct  quadrupeds  while  it  was  yet  the  bed 
of  the  Bca.  The  bones  were  undoubtedly  transported 
thither  from  the  adjacent  land.  One  of  the  most  remark- 
able of  those  animals  was  the  Paleotherium,  a  three-hoofed 
quadrnped  resembling  a'tapir,  and  attaining  the  size  of  a 
horse.  Other  quadnipeds,  which  grazed  upon  the  same 
grounds  with  the  Paleothere,  were  variously  allied  to  the 
deer,  the  peccary,  and  the  tapir.  Monkeys,  mastodons,  and 
elephants  existed  in  Europe  a  little  later,  and  these  were 
associated  with  a  huge  anomalous  quadruped  named  Di- 
lotherium,  which  united  characteristics  of  the  elephant, 
ippopotamus,  tapir,  and  dugong.  The  sloth  and  opossum 
1  also,  which  are  now  confined  to  other  continents. 
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had  their  repi-esentatives  in  Europe  during  lliis  pertod. 
The  prevailing  types  of  quadrupeds  were  thick-skinned — 
Paxhyderms — and  cud-chewing — Ruminants.  The  hog 
and  the  horse  began  to  exist  in  the  middle  of  the  Tertiary; 
and  somewhat  later  appear,  either  in  Europe  or  Asia,  the 
cat,  dog,  weasel,  hare,  mink,  hyena,  camel,  antelope,  musk- 
deer,  sheep,  and  ox — of  the  latter,  several  speciea.  The  Si- 
vatherium  was  an  elephantine  stag,  having  four  horns  and 
prohahly  a  long  proboscis.  It  is  supposed  to  have  had  the 
bulk  of  an  elephant,  and  greater  height.  This  monster 
dwelt  in  southeastern  Asia.  IVIany  other  genera,  quite  dis- 
tinct from  existing  forms,  have  had  their  former  existence 
disclosed  by 'the  patient  researches  of  the  comparative  an- 
atomist. 

America  was  also  a  range  of  gigantic  quadrupeds,  while 
the  adjacent  seas  wei-e  the  abode  of  mammalian  forms  al- 
lied to  the  whale.  Of  these,  the  one  best  known  is  the 
Zeuglodon,  whose  bones  are  scattered  over  portions  of  the 
eotton-landa  of  Mississippi,  Alabama,  Georgia,  and  South 
Carolina.  It  is  a  striking  sight  to  stumble  over  vertebi-se 
a  foot  and  a  half  long  and  a  foot  in  diameter,  or  to  see 
them  plowed  op  from  the  black  soil  where  they  had  been 
mouldering  ever  since  that  soil  was  a  sea-bottom.  Tet 
these  bones  were  once  bo  numerous  in  Southern  Alabama 
that  they  were  gathered  and  burned  for  lime,  and  laid  in 
walls  for  fences.  I  have  myself  %een  them  used  for  andi- 
I'ons,  and  for  building  tlie  steps  of  a  stile  over  the  door- 
yard  fence.  This  animal  was  about  seventy  feet  in  length. 
The  skeleton  ou  exhibition  in  Wood's  Museum,  at  Chicago, 
is  for  the  most  part  a  genuine  representation  of  the  frame- 
work of  this  Tertiary,  alligator-like  whale.  Some  of  the 
vertebrse  were  wanting  in  this  specimen ;  and  in  the  at- 
tempt to  restore  the  visaing  parts,  the  paleo-artist  has  pos^ 
sibly  exceeded  the  bounds  of  truth,  and  given  us  a  ske] 
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of  gfcater  length  than  the  facts  justify.  Aflcr  a  persoiial 
and  critical '  examinatioD  of  the  specimen,  however,  I  fee! 
bound  to  say  that  this  prodigiously  elongated  creature, 
that  visitors  have  bo  long  Been  coiled  about  one  of  the 
apartments  of  the  muaeura,  is  as  near  a  representation  of 
the  truth  of  nature  as  is  likely  to  be  attained.  The  skele- 
ton possefisea  one  hundred  and  eighteen  vertebraj,  of  which 
ninety-one  are  genuine,  and  twenty-one  factitious.  The 
neck  embraces  six  vertebrae.  There  are  thirty-six  pairs  of 
ribs.  The  cranium  is  six  feet  long ;  the  jaws  are  armed 
each  with  five  grinding  teeth  on  each  side,  preceded  by  two 
premolars  and  one  incisor  on  each  side  of  the  middle.  The 
epiphyses  of  the  vertebrse — that  is,  their  detached  extrem- 
ities— being  unconsolidated  with  the  bodies  of  the  verte- 
briE,  prove  that  the  individual  was  still  immature.  This 
examination  was  kindly  authorized  by  Col.  Wood,  the  pro- 
prietor. We  are  indebted  to  Dr.  Koch,  of  St.  Louis,  for  the 
first  restoration  of  the  Zeuglodon,  a  specimen  of  which  was 
exhibited,  a  number  of  years  ago,  under  the  name  of  Sy- 
drarchos,  or  Watev-king,  in  Baruum's  Museum  in  New 
York. 

Far  toward  the  nortliwest,  on  the  tributaries  of  the  Up- 
per Missouri,  were  the  cemeteries  of  American  quadi-upeds. 
The  shores  of  the  great  inland  eeaa  already  described  seem 
to  have  been  the  favorite  haunts  of  the  dominant  tribes  of 
the  continent,  while  swdrms  of  humbler  creatures  bathed 
in  their  waters,  or  burrowed  in  the  mud  at  the  bottom.  At 
first  these  waters  possessed  all  the  sattnesa  of  the  sea  of 
which  they  were  the  residuum ;  but,  by  degrees,  the  perpet- 
ual drainage,  replaced  only  by  fresh  waters  from  the  clouds, 
changed  them  first  to  a  brackish,  and  then  to  a  fresh  condi- 
tion. This  progressive  change  is  shown  by  the  varying 
nature  of  the  fossil  remains  imbedded  in  the  sediments.  At 
the  bottom  we  find  the  relics  of  marine  animals;  in  the 
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middle,  the  vestiges  of  brackish- water  life  ;  and  in  the  last 
deposits,  ooly  relics  of  fresh  waters  mingled  with  washings 
from  the  land. 

On  the  White  River,  in  the  Territory  of  Daltotah,  in  the 
region  where  it  approaches  nearest  to  the  Big  Cheyenne, 
are  the  Mauvatses  Terres,  or  Bad  Lands,  where  Nature 
seems  to  have  collected  together  the  relics  of  a  geological 
age,  and  buried  them  in  one  vast  sepulchre. 

The  country  to  the  west  and  southwest  of  Fort  Pierre, 
for  some  hundreds  of  miles,  is  an  elevated,  gently  undu- 
lating prairie,  through  which  the  streams  have  cut  deep 
gorges  for  their  passage  to  the  larger  rivers.  It  is  a  vast 
basin  filled  with  the  still  horizontal  and  semi-indurated  sed- 
iments of  an  inland  sea.  The  wear  of  the  weather  has  left 
many  deep  scars  on  the  face  of  the  country,  and  the  Bad 
Lands  present  us  with  the  mere  ruins  of  a  formation  which 
was  once  continuous.  The  whole  country  is  treeless  and 
desolate.  The  soil  beneath  the  feet  of  the  traveler  conceals 
the  bones  of  the  numerous  populations  which  enjoyed  ex- 
istence in  the  earlier  Tertiary  epochs.  The  whole  scene 
has  the  air  of  the  domain  of  death  and  solitude.  On  catch- 
ing a  glimpse  of  the  Bad  Lands  proper,  a  most  impressive 
exhibition  presents  itself.  Here,  in  the  surface  of  a  vast 
plain,  is  a  sunken  area  thirty  miles  wide  and  ninety  miles 
long  (Fig.  78).  From  the  bottom  of  this  sunken  plain  rise 
domes,  and  pinnacles,  and  monuments,  and  massive  walls, 
which  persuade  the  traveler  that  he  is  about  to  witness  the 
movements  and  listen  to  the  hum  of  a  vast  city.  In  the 
language  of  Dr.  Evans — an  eminent  geologist  who  almost 
"  dwelt  among  the  tombs"  of  the  ancient  world,  as  they  lie 
stretched  out  from  the  llississippi  to  the  Pacific  shores — 
"  these  rocky  piles,  in  their  endless  succession,  assume  the 
appearance  of  massive  artificial  structures,  decked  out 
vith  all  the   accessories  of  buttrB 
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doorway  and  clustered  sliaft,  piimacle,  and  finial,  and  ta- 
pering spire." 

On  8  nearer  approach  the  illusion  reluctantly  vanishes, 
and  all  the  fancied  architecture  is  resolved  into  piles  of 
hardened  clay  and  sand.     These  rise  from  the  bottom  of 
the  vale  to  the  height  of  fifty,  one  hundred,  and  two  hun- 
dred feet,  showing  along  their  vertical  or  sloping  sides  the 
varied  courses  of  masonry  of  which  they  are  composed.    In 
the  hundreds  of  towera  and  isolated  masses  that  rise  from 
this  vale  of  solitude,  the  order  of  the  courses  is  the  same; 
F  ^d  this  agrees  with  the  arrangement  in  the  solid  walla 
which  oircuroscribe  the  valley.    A  thousand  storms  have 
Vwaahed  the  slopes,  and  furrowed  them  into  the  similitude 
piof  fluted  shafts  and  clustered  columns,  which,  at  the  top, 
)ft>ear  sometimes  a  brown  entablature  of  overhanging  grass, 
T  continue  upward  into  tower  and  minaret.     The  bottom 
f  the  vale  is  an  earth  of  chalky  whitene,es,  baked  by  the 
m,  and  utterly  destitute  of  vegetation.     The  water  which 
lozes  out  of  the  foundation-wall  of  the  prairie  is  brackish 
md  unpalatable.     In  winter,  the   wind  and  snow  rush 
through  the  lanes  and  corridors  of  this  city  of  the  dead  in 
K^ddying  whirls,  while  the  withered  grasses  and  the  voice- 
i  and  motionless  solitude,  together  with  the  relentless 
rost  and  never-tiring  storm,  make  the  place  the  realization 
|of  utter  bleakness  and  desolation.     In  summer  the  scorch- 
ing Bun  literally  bakes  the  clays  which  have  been  kneaded 
J  the  frosts  and  thaws  of  spring,  and  the  daring  explorer 
if  the  scene  finds  no  tree  or  shrub  to  shelter  him  from  the 
feiTJd  rays  poured  down  from  above,  and  reflected  from  the 
Iwhite  walls  which  tower  around  him,  and  the  white  floor 
p'hich  almost  blisters  his  feet. 

But  the  most  impressive  feature  of  the  scene  is  the  mul- 
|itude  of  fossil  bones  which  appear  built  into  the 

■  of  this  mimic    architecture.     The  vrswcvt^'j,  i 
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lernmbling  of  the  elements  roll  them  out  of  their  long  rest- 
■.jng-places,  and  they  lie  strewn  over  the  bottom  of  the  val- 
f  ley.  The  traveler  feels  like  one  walking  upon  the  floor  of 
I  long-deserted  and  ruined  vault.  Skulls,  atid  jaws,  and 
Kteeth,  and  thigh-bones  lie  scattered  around.  Death  has 
[indeed  held  earniva!  here,  and  this  is  the  deserted  scene 
Bof  his  ghastly  repast. .  But  what  long  ages  have  glided  by 
Vieonce  these  flesh-covered  bones  were  slaiu  and  gathered  to 
Bthe  charnel-house  !  Scarcely  a  form  familiar  to  the  anato- 
VmiBt  reveals  itself.  Here  are,  indeed,  the  forms  of  turtles, 
i 'large  and  small,  with  all  the  sutures  of  their  protecting 
l.«arapaces  distinctly  preserved ;  but,  though  turtles,  they 
unkuown  species,  and  some   attain  a  size  which,  in 

■  'their  present  condition,  most  weigh  neaily  a  ton.  Here 
flie  the  bones  of  rhinoceroses — known  certainly  by  their 
I  teeth — but  different  from  any  existing  species.  As  for  the 
1  rest  of  these  remains,  we  do  not  even  know  the  genera  to 
I  ■which  they  belonged.  They  present  us  with  strange  com- 
I  binations  of  characters.     One  seems  intermediate  between 

■  ft  tapir  and  a  rhinoceros,  while  the  canine  and  incisor  teeth 
lally  it  likewise  with  the  liorse.  One  of  the  commonest 
I  skulls  has  the  grinding  teeth  of  the  elk  and  deer,  and  the 
I  canines  of  a  hog.  It  evidently  belonged  to  a  race  which 
L'lived  both  on  flesh  and  vegetables,  and  yet  chewed  the  cud 
I  like  our  cloven-footed  grazers.  This  has  been  named  Oreo- 
I  don.  One  of  the  most  wonderful  of  the  beings  entombed 
I  here  is  the  Titanotherium,  first  discovered  by  Dr.  Prout,  of 
I  St,  Louis,  It  somewhat  resembles  a  hornless  rhinoceros, 
\  but  is  much  more  massive  in  its  proportions.  One  of  the 
J  jaws  seen  by  Dr.  Evans  had  a  length  of  five  feet  along  the 
I  crowns  of  the  teeth,  and  the  skeleton  of  another  individual 
[  Teas  eighteen  and  a  half  feet  in  length  and  nine  feet  in 
['height.  Of  all  the  relics  uncovered  in  this  ancient  ceme- 
llery,it  is  remarkable  that  but  one  carnivorous  quadnipcd 
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lias  been  notwed.  The  fauna  of  the  period  was  eminently 
characterized  by  the  preseuce  of  pachyderms  and  rumi- 
nants, and  thia  in  the  same  age  when  Europe  was  popula- 
ted by  a  large  admixture  of  the  higher  carnivores. 

I  said  this  valley  of  death  has  the  appearance  of  a  sub- 
sidence in  the  ^-ide  e.xteitded  plain.  The  suggestion  is  so 
natural  that  one  almost  irresistibly  regards  it  as  a  vast 
sunken  grave,  whore  the  slain  of  a  geological  convulsion 
liave  been  gatliered  together  and  decently  entombed,  and 
tlie  earth  has  at  last  settled  down  upon  their  crumbling 
remains.  A  better  judgment,  however,  discovers  the  val- 
ley to  be  the  work  of  excavating  waters.  Gigantic  as  the 
scale  of  such  digging  must  appear,  the  geologist  is  ac- 
quainted with  other  examples  immeasurably  more  sub- 
lime. They  belong  to  the  phenomena  of  the  Post-Tertiary 
Age.  These  towers,  then,  have  not  been  built  up,  but  have 
been  left  in  relief,  like  the  figures  on  the  sculptor's  marble. 
Torrents  of  rain  have  wielded  the  instruments  that  have 
iiishioned  the  Titanic  architecture. 

From  this  Golgotha,  if  we  wend  oTir  way  northwai-d 
some  hundreds  of  miles  nearer  the  sources  of  the  Missouri, 
we  find  ourselves  standing  again  upon  the  deposits  of  a 
vast  inland  sea — a  sea  which  was  still  remaining  when  the 
Bad  Lands  were  drained.  Around  the  shores  of  this  far 
northern  basin  of  water  lived,  in  a  later  age,  the  rhinoce- 
ros, the  elephant,  the  mastodon,  the  camel,  the  horse,  the 
beaver,  the  wild-cat,  the  wolf,  the  land  tortoise,  and  other 
genera  of  quadrupeds  now  extinct.  In  this  lake  the  Mis- 
souri took  its  rise,  while  the  Yellowstone  and  other  rivers 
poured  into  it  the  drainage  of  the  region  beyond,  and  trans- 
ported the  relics  of  then  existing  races,  with  other  sedi- 
ments, to  the  burial-place  froin  which  they  have  recently 
been  exhumed. 

It  gives  me  '  -leasure  to  make  known  to  the  reader 


210  SKETCHES   OF  CREATION. 

that  we  are  indebted  for  our  knowledge  of  the  details  of 
the  geology  of  these  remote  and  wilderness  regions  to  the 
energy  and  science  of  two  young  geologists,  Messrs.  Meek 
and  Hayden,  and  especially  to  Mr.  F.  B.  Meek,  for  the  pro- 
duction of  paleontological  results  which  vie  in  thorough- 
ness and  exactitude  with  the  beft  work  ever  done  in  any 
country.  In  the  department  of  mammalian  paleontology 
Dr.  Leidy  is  our  great  authority — the  Owen  of  America. 
These  regions  were  first  visited  in  1850  by  Mr.  Thaddeus 
Culbertson,  under  the  joint  auspices  of  the  Smithsonian 
Institution  and  his  brother  Alexander.  Later  researches 
were  instituted  by  Professor  James  Hall,  and  by  Dr.  D.  D. 
Owen  while  in  charge  of  the  geological  survey  of  the 
Northwest,  under  the  auspices  of  the  general  government. 

Such  are  some  of  the  phenomena  of  the  Age  of  Mam- 
mals. It  was  an  interval  of  time  when,  on  all  sides  of  the 
globe,  progressive  improvements  had  brought  our  earth  to 
a  condition  suited  for  higher  existences,  and  the  reptiles 
which  reigned  in  the  preceding  age  were  beckoned  into 
the  background  or  driven  to  extinction.  Who  that  has 
observed  the  indications  of  gradual  but  systematic  ad- 
vance in  animal  forms  through  the  ages  of  the  world  can 
resist  the  conviction  that  man  was  contemplated  as  the 
termination  of  the  perfecting  series  ? 

It  is  a  curious  fact  that  so  many  genera  now  extinct 
from  the  continent,  but  living  in  other  quarters  of  the 
globe,  were  once  abundant  on  the  plains  of  North  Amer- 
ica. Various  species  of  the  horse  have  dwelt  here  for 
ages,  and  the  question  reasonably  arises  whether  the  wild 
horses  of  the  Pampas  may  not  have  been  indigenous. 
Here,  too,  the  camel  found  a  suitable  home ;  but  he  has 
disappeared  before  the  intellect  dawned  which,  could  do- 
mesticate him  and  utilize  his  instincts.  On  the  Oriental 
continent  the  higher  types  of  quadrupeds  were  now  exist- 
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ing,  and  it  looked  as  if  ihe  apex  of  improvement  would 
first  be  reached  in  that  quarter  of  the  world. 

The  iipiifl  of  the  American  and  ""iluropeaii  continents  to 


llieir  present  levels  marked  the  close  of  the  Tertiary  Age. 
Europe  had  been  an  archipelago;  but  America  had  long 
possessed  its  destined  outline,  and  lacked  only  the  belt 
which  was  now  added  along  the  two  oceans  and  the  Gulf. 
The  continent  was  now  complete.  What  next  could  ensue 
but  the  creation  of  man,  and  the  final  consumniation  of  the 
grand  work  of  creation  ?  Human  judgment  would  now 
have  proceeded  to  the  finishing  stroke ;  but  Infinite  Wis- 
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dom  saw  that  the  world  would  be  improved  by  subjecting 
it  to  one  more  ordeal,  and  then  should  burst  upon  it  the 
effulgence  of  that  intellect  which  characterizes  and  enno- 
bles the  Age  of  Man. 
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CHAPTER  SIS. 


THE  KEIGK  OF  ICE. 


WHEN  the  continent  of  Nortli  America,  which  had 
I  been  growing  through  unnumbered  ages  by  contin- 

I  ual  annexations  of  land  wrested  from  the  dominion  of  the 
.   sea,  had  Jinally  attained  the  dimensions  and  outline  des- 
tined to  endure  through  the  human  era — when  the  great 
mountain  axes  had  been  uplifted,  and  the  broad  river 
lama  were  rolling  the  drainage  of  the  valleys  and  hiU- 
t-  elopes  to  the  sea— rwhen  the  horse  and  the  camel,  the  ele- 
phant, the  bear,  and  other  qnadrapeds  which  were  to  char- 
acterize the  epoch  of  man,  had  assumed  their  stations  on 
the  land — when  the  atmosphere  was  populated  by  birds 
and  insects  which  were  destined  in  a  coming  age  to  be 
I  startled  by  the  presence  of  a  dominant  intelligence — when 
the  beecb,  the  tulip-tree,  the  linden,  and  the  buttonwood 
I  had  taken  theii-  places  on  the  jungle's  margin  and  the  high- 
land slope,  and  the  sorrowing  willow  had  begun  to  Wep 
above  the  flowing  waters  of  the  sedge-bordered  stream — 
when  the  whole  face  of  Nature  seemed  fitted  and  expect- 
I   ant  of  the  crowning  work  of  creation,  what  should  prevent 
the  divine  Artificer  from  summoning  man  upon  the  scene 
begin  the  labor  of  his  earthly  life?     To  a  finite  intelli- 
I  gence  the  preparation  was  complete.     To  the  eye  of  Om- 
;ieDce  one  more  revolution  was  needed.     The  coming 
I  man  must  tarry  without  the  doora  of  the  temple  of  life 
1  through  yet  another  geological  leon. 

To  this  time  the  evolution  of  the  continent  had  proceed- 
I  ed  by  elevations  and  subsidences  of  the  regions  lying  in 
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tike  middle  latitudes,  the  resultant  of  which  movements 
was  the  establishment  of  a  vast  area  of  dry  land  extending 
over  all  that  portion  of  Noi'th  America  covered  by  the 
temperate  zone.  The  northern  regions  were  still  the  bed 
of  a  vast  circumpolar  ocean.  Now,  in  turn,  the  high  north- 
ern latitudes  experience  an  unwonted  uplifl.  Arctic  lands 
raise  high  theii-  dripping  hcade  above  the  temperate  waters 
of  the  polar  zone.  The  climate  of  the  whole  northern  hem- 
isphere feels  the  change.  No  moving  currents  can  now 
bear  torrid  warmth  to  the  frozen  sea,  and  return  the  colder 
waters  to  the  equatorial  zone.  The  stable  land  bears 
sternly  the  vicissitudes  of  the  clime,  smiling  coldly  in  the 
slanting  rays  of  a  summer's  auo,  and  gloaming  darkly  be- 
neath the  auroral  shimmering  of  arctic  naidnight.  The  ac- 
cumulated cold  of  years  binds  all  the  northern  latitudes  in  , 
indissoluble  bonds  of  ice.  The  northern  blast  bears  frost 
along  the  vales  which  had  never  feit  its  power.  The  lim- 
pid streams  grow  torpid,  and  then  rest  in  a  long  hibernal 
sleep.  The  verdure  of  forest  and  plain,  touched  by  the 
first  bi-eath  of  winter,  shrinks  away,  and  the  sere  and  black- 
ened leaf  hangs  where  there  had  been  perennial  green.  The 
ponderous  tread  of  the  mastodon  turns  from  the  withered 
m^dow  to  the  frozen  jungle,  and  the  shivering  tapir 
yieldshimself  a  victim  to  the  strange  rigors  of  the  climate. 
The  snows  of  many  winters  are  gathered  on  the  siopes  of 
northern  America,  and  the  summer's  sun  suffices  but  to 
change  them  to  a  bed  of  porous  ice.  Glaciers  brood  over 
all  the  land,  and  Alpine  desolation  reigns  without  a  rival 
over  half  the  continent.  Such  was  the  fate  of  the  fair  vales 
which  we  thought  just  ready  for  the  occupancy  of  the  hu- 
man race. 

The  marks  of  this  stupendous  glacier  are  still  visible. 
As  in  the  glaciers  of  the  Alps,  the  expansion  produced  by 
3  waiTOth  would  tend  to  create  a  motion  in  the 
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margins  of  tbe  ice-field.  The  northern  limit  was  chained 
by  eternal  frost  to  its  rocky  bed.  The  southem  only  was 
free  to  move,  and  the  whole  e^tpansion  would  he  developed 
along  the  southern  border.  The  sliding  movement  of  in- 
calculable tons  of  ice  would  plow  the  soil  beneath.  Rock- 
fragments,  pebbles,  and  gravel,  frozen  in  the  nnder  surface, 
were  carried  forward  by  the  moving  mass,  while  the  under- 
lying rocky  surfaces  were  ground  away,  or  polished,  or 
scored  in  parallel  furrows  by  the  irresistible  agency  of  the 
glacier  (Fig.  80),  These  phenomena  are  noticeable  all  over 
the  Northern  States  wherever  the  "  bed  rock"  is  exposed 
to  view.  The  bold  shore  of  the  north  side  of  Lake  Supe- 
rior has  been  extensively  carved  and  modified  by  this  re- 
sistless acUon.  At  Marquette,  upon  the  south  shore,  are 
some  striking  and  inetrttctive  illustrations.  A  low  dome 
of  metamorphic  talcozG  schist  rises  a  few  feet  above  the 
-  surface  of  the  water  at  the  shore,  nearly  in  front  of  the 
Jackson  house,  which  bears  the  imperishable  tracery  of  its 
conflict  with  the  continental  glacier.  The  whole  surface  is 
smoothed  as  with  a  carpenter's  plane  and  sand-paper.  The 
undulations  in  the  surface  are  scoured  as  neatly  as  the  level 
and  more  prominent  portions.  Rising  from  beneath  the 
water  on  the  northern  side  can  be  seen  numerous  groQf^es 
and  scratches,  which  glide  up  the  smoothed  northern  slope, 
and  extend  continuously  across  the  summit  to  the  southern 
side.  There  are  two  principal  sets  of  these  etrise.  One  of 
them  extends  nearly  north  and  south,  the  other  northeast 
and  southwest.  Near  this  place,  and  close  by  the  main 
street  as  it  passes  out  of  town,  is  an  isolated  outlying  mass 
of  the  same  kind  of  rock,  which  has  been  left  standing  out 
boldly  after  the  destructive  agencies  that  have  passed  over 
the  surface  had  plowed  away  all  the  surrounding  portions 
of  the  fonnation.  This  stubborn  mass  stands  like  a  sullen 
bulwark,  defying  the    most   desperate   attacks   of  ice,  or 
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ing,  and  it  looked  as  if  the  apex  of  improvemeiit  would 
;   first  be  reached  in  that  quarter  of  the  woi-|d. 

The  uplift  of  the  American  and  European  continents  to 


their  present  levels  marked  the  close  of  the  Tei-tiary  Age. 
Europe  had  been  an  archipelago ;  hut  America  had  long 
possessed  its  destined  outline,  and  lacked  only  the  belt 
which  was  now  added  along  the  two  oceans  and  the  Gulf. 
The  continent  was  now  complete.  What  next  could  ensue 
.  but  the  creation  of  man,  and  the  final  consummation  of  the 
grand  work  of  creation  ?  Human  judgment  would  now 
jtave  proceeded  to  the  finishing  stroke ;  but  Infinite  ^Sar  | 
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■e  indebted  for  our  knowledge  of  the  details  of 
liie  geology  of  these  remote  and  wilderness  regions  to  the 
ergy  and  science  of  two  yonng  geologists,  Messrs.  Meek 
Bid  Hayden,  and  especially  to  Mr.  F.  B.  Meek,  for  the  pvo- 
taction  of  paleontological  results  which  vie  in  thorough- 
3  and  exactitude  with  the  heSt  work  ever  done  in  any 
SOuntry.  In  the  department  of  mammalian  paleontology 
)r.  Leidy  is  our  great  authority — the  Owen  of  America. 
liese  i-egioiis  were  first  visited  in  1850  by  Mr.  Thaddeua 
Snlbertson,  under  the  joint  auspices  of  the  Smithsonian 
EOBtitntion  and  his  brother  Alexander.  Later  I'esearches 
Mrere  instituted  by  Professor  James  Hall,  and  by  Dr.  D.  D. 
wen  while  in  charge  of  the  geological  survey  of  the 
Northwest,  under  the  auspices  of  the  general  government. 
Such  are  some  of  the  phenomena  of  the  Age  of  Mam- 
It  was  an  interval  of  time  when,  on  all  sides  of  the 
riobe,  progressive  improvements  had  brought  our  earth  to 
k  condition  suited  for  liigher  esistences,  and  the  reptiles 
irliich  reigned  in  the  preceding  age  were  beckoned  into 
3  background  or  driven  to  extinction.  Who  that  has 
i  the  indications  of  gradual  but  systematic  ad- 
I^Bnce  in  aDtroal  forms  through  the  ages  of  the  world  can 
teist  the  conviction  that  man  was  contemplated  as  the 
mination  of  the  perfecting  series? 

It  is  a  curions  fact  that  so  many  genera  now  extinct 
I  the  continent,  but  living  in  other  quarters  of  the 
|lobe,  were  once  abundant  on  the  plains  of  North  Amer- 
Various  species  of  the  horse  have  dwelt  here  for 
!,  and  the  question  reasonably  arises  whether  the  wild 
»8  of  the  Pampas   may  not  have   been   indigenous. 
Here,  too,  the  camel  found  a  suitable  home ;  bat  he  has 
disappeared  before  the  intellect  dawned  which,  eonld  do- 
mesticate him  and  utilize  has  instincts.     On  the  Oriental 
'  coutiiient  tlie  higher  types  of  quadrupeds  were  now  9>Kis^ 


ihetr  present  levels  iiiarVe<I  the  clow  of  (be  Tertiarr  Age 
Eorope  tisd  bt«n  ao  art^hipe-lago ;  fnt  America  had  la^ 
possessed  its  destined  (jtitline,  aod  lacked  ool;  tfe  bdt 
which  wan  now  added  along  tfa«  two  ocMm  and  tke  6«1C 
Tlje  cofltiDeat  was  im»w  complete,  Whal  next  coaM  ^i^w 
bnttlie  cnatioB  of  nan,  and  the  final  Mtrcanmaliaa  oftke 
grand  work  of  ereatiMi?  Haman  jodgnm  wc«U  ■««- 
lure  proceeded  Ur  iht  finidiing  strofee?  «ic«  Wm. 
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that  we  are  indebted  for  our  knowledge  of  the  details  of 
the  geology  of  these  remote  and  wildeiiiesB  regions  to  the 
energy  and  science  of  two  young  geologists,  Messrs.  Meek 
and  Hayden,  and  especially  to  Mr.  F.  B.  Meek,  for  the  pro- 
duction of  paleontological  results  which  vie  in  thorough- 
ness and  exactitude  with  the  be?t  work  ever  done  in  any 
country.  In  the  department  of  mammalian  paleontology 
Dr.  Leidy  is  our  great  authority — the  Owen  of  America. 
These  regions  were  first  visited  in  1850  by  Mr.  Thaddeus 
Culbertson,  under  the  joint  auspices  of  the  Sinitheonian 
Institution  and  his  brother  Alexander,  Later  i-esearches 
were  instituted  by  Professor  James  Hali,  and  by  Dr.  D.  D. 
Owen  while  in  charge  of  the  geological  survey  of  the 
Northwest,  under  the  auspices  of  the  general  government. 

Such  are  some  of  the  phenomena  of  the  Age  of  Mam- 
mals. It  was  an  interval  of  time  when,  on  all  sides  of  the 
globe,  progressive  improvemeuts  bad  brought  our  earth  to 
a  condition  suited  for  higher  existences,  and  the  reptiles 
which  reigned  in  the  preceding  age  were  beckoned  into 
the  background  or  driven  to  extinction.  Who  that  has 
observed  the  indications  of  gradual  but  systematic  ad- 
vance in  animal  forms  through  the  ages  of  the  world  can 
resist  the  conviction  that  man  was  contemplated  as  the 
termination  of  the  perfecting  seriea  ? 

It  is  a  curious  fact  that  so  many  genera  now  extinct 
from  the  continent,  but  li\-ing  in  other  quarters  of  the 
globe,  were  once  abundant  on  the  plains  of  North  Amer- 
ica. Various  species  of  the  horse  have  dwelt  here  for 
ages,  and  the  question  reasonably  arises  whether  the  wild 
horses  of  the  Pampas  may  not  have  been  indigenous. 
Here,  too,  the  camel  found  a  suitable  home ;  hnt  he  has 
disappeared  before  the  intellect  dawned  which,  could  do- 
mesticate him  and  utilize  his  instincts.  On  the  Oriental 
-eoQlinent  tlie  higher  types  of  quadrupeds  were  nowexigt- 
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;,  and  it  looked  aa  if  the  apes  of  improvement  would 
[  first  be  reached  in  that  quarter  of  the  world. 

The  uplift  of  the  Americac  and  Kiiropean  coDtineots  to 


Fig.  n.  D.  D.  Owen. 

I  their  present  levels  marked  the  close  of  the  Tertiary  Age, 
i  Europe  had  been  an  archipelago ;  but  America  had  long 
jessed  its  destined  outline,  and  lacked  only  the  belt 
j  which  was  now  added  along  the  two  oceans  and  the  Gulf! 
L  The  continent  was  now  complete.  What  next  could  ensue 
[  but  the  creation  of  man,  and  the  final  consummation  of  the 
grand  work  of  creation  ?  Human  jiidgment  would  now 
\  have  proceeded  to  the  finisliing  sti-oke;  but  Infinite  WU- 
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ai'e  indebted  for  our  knowledge  of  tbe  details  of 
e  geology  of  these  remote  and  wilderness  regions  to  the 
Bi'gy  and  science  of  two  young  geologists,  Messrs.  Meek 
md  Hayden,  and  especially  to  Mr.  F.  B.  Meek,  for  the  jro- 
Snction  of  paleontological  results  which  vie  in  thorough- 
mess  and  exactitude  with  the  beA  woi-k  ever  done  in  any 
wuntry.    In  the  department  of  mammalian  paleontology 
r.  Leidy  is  our  great  authority — the  Owen  of  America, 
J  regions  were  first  visited  in  1850  by  Mr.  Tiiaddeus 
(ulbertson,  under  tbe  joint  auspices  of  the  Smithsonian 
Ikstitution  and  his  brother  Alexander,     Later  researches 
were  instituted  by  Professor  James  Hall,  and  by  Dr.  D.  D. 
I  while  in  charge  of  tbe  geological  survey  of  the 
Northwest,  under  the  auspices  of  the  general  government. 
Such  are  some  of  the  phenomena  of  the  Age  of  Mam- 
taals.    It  was  an  interval  of  time  when,  on  all  sides  of  the 
j^obe,  progressive  improvements  had  brouglit  our  earth  to 
1  condition  suited  for  higher  existences,  and  the  reptiles 
which  reigned  in  the  preceding  age  were  beclioned  into 
She  background  or  driven  to  extinction.     Who  that  has 
bSOTved  the  indications  of  gradual  but  systematic   ad- 
(q^ancG  in  animal  forms  through  the  ages  of  the  world  can 
saist  the  conviction  that  man  was  contemplated  as  the 
(eiTnination  of  the  perfecting  series? 

is  a  curious  fact  that  so  many  genera  now  extinct 
I  the  continent,  but  living  in  other  quarters  of  the 
felobe,  were  once  abundant  on  the  plains  of  North  Amer- 
Various  species  of  the  hoi-se  have  dwelt  here  for 
^es,  and  the  question  reasonably  arises  whether  the  wild 
^orses  of  the  Pampas  may  not  have  been  indigenous. 
Here,  too,  the  camel  found  a  suitable  home ;  but  lie  has 
iappeared  before  the  intellect  dawned  which,  could  do- 
mesticate him  and  utilise  his  instincts.  On  the  Oriental 
tontinent  the  higher  types  of  quadrupeds  were  now  exist- 
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iDg,  and  it  looked  as  if  the  apex  of  ini]jrovcmfiil  would 
firet  be  reached  in  that  quarter  of  the  world. 
The  uplift  of  tlie  American  and  ^uroj;>ean  continents  to 
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their  present  levels  marked  the  close  of  the  Tertiary  Age. 
Enrope  had  been  an  archipelago;  hut  America  had  long 
poEsessed  its  destined  outline,  and  lacked  only  the  belt 
which  was  now  added  along  the  two  oceans  and  the  GuUl 
The  continent  was  now  complete.  Wliat  next  could  ensue 
but  the  creation  of  man,  and  the  final  consummation  of  the 
^rand  work  of  creation  ?  Human  judgment  would  now 
have  proceeded  to  the  finishing  stroke;  but  Infii 
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(■.that  we  are  indebted  for  our  knowledge  of  the  details  of 

[^e  geology  of  these  remote  and  wilderness  regions  to  the 

Siergy  and  science  of  two  yonng  geologists,  Messrs.  Meek 

Kiwd  Haydeu,  and  especially  to  Mr.  F.  B,  Meek,  for  the  pro- 

iduction  of  paleoutological  reaults  which  vie  in  thorongh- 

i  and  exactitude  with  the  beft  work  ever  done  in  any 

jountry.     In  the  department  of  mammalian  paleontology 

WpT.  Leidy  is  our  great  authority — the  Owen  of  America. 

[JrheBe  regions  were  &nt  visited  in  1850  by  Mr.  Thaddeus 

pulbertson,  under  the  joint  auspices  of  the  Smithsonian 

istittttion  and  his  brother  Alexander.     Later  researches 

^rere  instituted  by  Professor  James  Hall,  and  by  Dr.  D.  D, 

^wen  while  in  charge  of  the  geological  survey  of  the 

tTorthwest,  under  the  auspices  of  the  general  government 

Snch  are  some  of  the  phenomena  of  the  Age  of  Mam- 

bials.     It  was  an  interval  of  time  when,  on  all  sides  of  the 

felobe,  progressive  improvements  had  brought  our  earth  to 

I  condition  suited  for  higher  existences,  and  the  reptiles 

which  reigned  in  the  preceding  age  were  beckoned  into 

Hie  background  or  driven  to   extinction.     Wbo  that  has 

d  the  indications  of  gradual  but  systematic    ad- 

[1  animal  forms  through  the  ages  of  the  world  can 

resist  the  conviction  that  man  was  contemplated  as  the 

Rlermination  of  the  perfecting  series? 

It  ia  a  curious  fact  that  so  many  genera  now  extinct 
I  the  continent,  but  living  in  other  quarters  of  the 
Selobc,  were  once  abuudant  on  the  plains  of  North  Amer- 
ms  species  of  the  horse  have  dwelt  here  for 
^es,  and  the  question  reasonably  arises  whether  the  wild 
IJiorBes  of  the  Pampas  may  not  have  been  indigenous. 
Here,  too,  the  camel  found  a  suitable  home;  hut  he  has 
■disappeared  before  the  intellect  dawned  which,  could  do- 
mesticate him  and  utilize  his  instincts.  On  the  Oriental 
^ntinent  the  higher  types  of  qnadrnpeds  were  now  exist- 
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;,  and  it  looked  aa  if  the  apes  of  improvement  would 
l.-first  be  reached  in  that  quarter  of  the  world. 

The  uplift  of  the  AmericaD  and  ''Curopean  coDtinents  to 


F.their  present  levels  marked  the  close  of  the  Tertiary  Age, 
[Europe  had  been  an  archipelago;  but  America  had  long 
I  possessed  its  destined  outline,  and  lacked  only  the  belt 
i  which  was  now  added  along  the  two  oceans  and  the  Gulf. 
I  The  continent  was  now  complete.  What  nest  could  ensue 
t  the  creation  of  man,  and  the  final  consummation  of  the 
and  work  of  creation  ?  Human  judgment  would  now 
B  proceeded  to  the  finishing  stroke;  but  Infinite  Wis- 
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f  the  transporting  currents  grew  feebler,  they  bore  for- 
i  only  the  finer  sands  and  aluminous  sedimeuts  which 
e  generally  upon  the  surface  of  the  Southern  States, 
e  rushing  torrents  bom  of  the  disaolving  glacier  bus- 
i  themselves  also  with  the  work  of  excavation.  Many 
a  existing  valley  and  river  course  was  determined  by  the 
stive  erosions  of  thia  epoch.  Many  a  cut  through  the 
jcky  ribs  of  mountains  bad  now  to  be  executed  to  make 
f  for  the  escape  of  imprisoned  waters.  Many  a  broad 
J  rock-floored  valley  became  filled,  and  converted  into  an 
Slnvial  plain,  by  the  rubbish  which  the  torrent  deposited 
%  its  quieter  mood.  Many  a  basin  was  now  scooped  out 
ih,  in  the  next  epoch,  became  a  lake  of  standing  water, 
"The  basins  of  all  the  lai^er  lakes  that  have  been  excavated 
by  erosive  action  conform  in  their  longitudinal  extent  to 
the  strike  of  the  underlying  formations,  A  line  running 
through  the  centres  of  the  great  lakes  from  Chicago  to  Os- 
wego, rnna  approximately  along  the  winding  strike  of  the 
formations  of  a  certain  age.  Thia  line  shows  the  configu- 
ration of  the  shore  of  the  continent  when  those  formations 
were  accumulating.  It  is  worthy  of  particular  note  that  the 
shore-line  was  always  substantially  parallel  to  the  axis  of 
these  fresh  waters  during  all  paleozoic  time.  In  the  Lower 
Silurian  it  lay  to  the  north  of  these  waters.  During  the 
Devonian  it  was  to  the  south  of  .the  waters.  During  the 
Upper  Silurian  it  was  to  the  south  in  the  eastern  region, 
and  to  the  north  (or  northwest)  in  the  western  region.  We 
may  here  seize  upon  a  key  to  cairy  with  us,  and  unlock  at 
any  time  the  geological  map  of  the  country  before  the 
mind's  eye  (compare  Fig.  fi8).  Every  one  locates  instantly 
and  definitely  the  Niagara  Falla  and  Niagara  River.  The 
Niagara  limestone  was  named  from  the  falls,  and  its  out- 
cropping hf'  "-ast  and  west  at  that  point.  Tiiis  is 
the  gres'  HBs  of  the  Upper  Silurian.     As  in 
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7  York,  the  growth  of  the  continent  was  toward  the 
south,  the  rocks  of  the  Lower  Silurian  must  lie  to  the  north 
of  Niagara  Falls,  and  the  rocka  of  the  Devonian  to  the 
south.  From  either  of  these  regions  trace  a  line  parallel 
with  the  axis  of  the  lake  waters — omitting  Lake  Superior 
— and  we  have  the  geographical  boundary  of  a  system  of 
rocka,  or  one  of  the  shore-lines  of  the  ancient  continent 

It  is  a  curious  fact  that  the  great  lakes  were  excavated 
id-ong  the  outcrops  of  the  formations  instead  of  across  theni, 
iccountable  fact,  for  the  lines  of  least  resist- 
ince  must  have  run  along  the  trends  of  the  most  friable 
btrata.     Lake  Michigan  is  scooped  out  from  Devonian  for- 
mations ;  and  the  same  is  true  of  Lake  Erie.    Lake  Ontario 
■is  excavated  in  Lower  Silurian  strata ;  and  the  same  is  true 
f  Georgian  Bay,  Green  Bay,  and  the  Wisconsin  lakes  far- 
kther  south — Wiunebago,  Horicon,  and  Albion,     The  basin 
f  Lake  Huron  is  underlaid  by  Devonian  and  Upper  Silu- 
uian  rocks.     It  seems  to  be  two  basins  coalesced ;  and  but 
Nor  the  peninsula  of  Niagara  limestone  separating  it  from 
Georgian  Bay,  it  would  be  three  basins  blended  in  one. 
Lake  Champlain  also  conforms  to  the  trend  of  Lower  Silu- 
rian strata,  but  the  small  meridional  lakes  of  Central  and 
I  Western  New  York   are  plowed   across   the  formations. 
?hey  are  a  kind  of  inland  fiords,  worked  out  perhaps  rather 
pby  the  action  of  the  glacier  than  by  that  of  the  floods 
Vhich  followed. 

The  influence  of  these  vast  inland  accumulations  of  fresh 
r  upon  the  comfort  and  happiness  of  man  is  strikingly 
jeneficent  and  providential.     They  serve  as  equalizers  of 
aer  and  winter  temperatures.     In  winter  they  may 
(garded  as  vast  reservoirs  of  wai-mth — great  natural 
!S  or  heaters,  which  continue  to  Impart  their  warmth 
D  the  frigid  winds  that  move  over  them,  and  thus  transfer 
iguous  lands.    This  is'a  provision 
K  2 
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er  of  the  transporting  currents  grew  feebler,  they  bore  for- 
ward only  the  finer  sands  and  aluminous  sediments  which 
repose  generally  upon  the  surface  of  the  Southern  States. 

The  rushing  torrents  bom  of  the  dissolving  glacier  bus- 
ied themselves  also  with  the  work  of  excavation.  Many 
an  existing  valley  and  river  course  was  determined  by  the 
active  erosions  of  this  epoch.  Many  a  cut  through  the 
rocky  ribs  of  mountains  had  now  to  be  executed  to  make 
way  for  the  escape  of  imprisoned  waters.  Many  a  broad 
and  rock-floored  valley  became  filled,  and  converted  into  an 
alluvial  plain,  by  the  rubbish  which  the  torrent  deposited 
in  its  quieter  mood.  Many  a  basin  was  now  scooped  out 
which,  in  the  next  epoch,  became  a  lake  of  standing  water. 
The  basins  of  all  the  larger  lakes  that  have  been  excavated 
by  erosive  action  conform  iit  their  longitudinal  extent  to 
the  strike  of  the  underlying  formations.  A  line  running 
through  the  centres  of  the  great  lakes  from  Chicago  to  Os- 
wego, runs  approximately  along  the  winding  strike  of  the 
formations  of  a  certain  age.  This  line  shows  the  configu- 
ration of  the  shore  of  the  continent  when  those  formations 
were  accumulating.  It  is  worthy  of  particular  note  that  the 
shore-line  was  always  substantially  parallel  to  the  axis  of 
these  fresh  waters  during  all  paleozoic  time.  In  the  Lower 
Silurian  it  lay  to  the  north  of  these  waters.  During  the 
Devonian  it  was  to  the  south  of  .the  waters.  During  the 
Upper  Silarian  it  was  to  the  south  in  the  eastern  region, 
and  to  the  north  (or  northwest)  in  the  western  region.  Wo 
may  here  seize  upon  a  key  to  carry  with  us,  and  unlock  at 
any  time  tlie  geological  map  of  the  country  before  the 
mind's  eye  (compare  Fig.  68),  Every  one  locates  instantly 
and  definitely  the  Niagara  Palls  and  Niagara  River.  The 
Niagara  limestone  was  named  from  the  falls,  and  its  out- 
cropping belt-  '■'■'"'ds  east  and  west  at  that  point.  This  is 
the  grea*'  mass  of  the  Upper  Silurian.     As  in 
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New  York,  the  growth  of  the  oontinent  was  toward  the 

louth,  the  rocks  of  the  Lower  Siluriau  must  lie  to  the  north 

f  Niagara  Falls,  and  the  rocks  of  the  Devonian  to  the 

■floath.     From  either  of  these  regions  trace  a  line  parallel 

ii  the  axis  of  the  lake  waters — omitting  Lake  Superior 

-and  we  have  the  geographical  boundary  of  a  system  of 

r  one  of  the  shore-lines  of  the  ancient  continent. 

a.  curious  fact  that  the  great  lakes  were  excavated 

[  along  the  outcrops  of  the  formations  inetead  of  across  them. 

lit  is  not  an  unaccountable  fact,  for  the  lines  of  least  resist- 

Vwice  must  have  run  along  the  trends  of  the  most  friable 

■strata.     Lake  Michigan  is  scooped  out  from  Devonian  for- 

l^mationg ;  and  the  same  is  true  of  Lake  Erie.    Lake  Ontario 

8  excavated  in  Lower  Silurian  strata ;  and  the  same  is  true 

f  Georgian  Bay,  Green  Bay,  and  the  Wisconsin  lakes  iar- 

mth — Winnebago,  Horicon,  and  Albion.     The  basin 

f  Lake  Huron  Is  underlaid  by  Devonian  and  Upper  Silu- 

ian  rocks.    It  seems  to  be  two  basins  coalesced ;  and  but 

r  the  peninsula  of  Niagara  limestone  separating  it  from 

leorgian  Bay,  it  would  be  three  basins  blended  in  one. 

e  Champlain  also  conforms  to  the  trend  of  Lower  Silu- 

ian  strata,  but  the  small  meridional  lakes  of  Centra!  and 

Western  New  York  are  plowed  across  the  formations. 

liey  are  a  kind  of  inland  fiords,  worked  out  perhaps  rather 

r  the  action  of  the  glacier  than  by  that  of  the  floods 

Vhich  followed. 

The  influence  of  these  vast  inland  accumulations  of  fresh 

Vater  upon  the  comfort  and  happiness  of  man  is  strikingly 

leficent  and  providential.     They  serve  as  equalizers  of 

Mummer  and  winter  temperatures.     In  winter  they  may 

(garded  as  vast  reservoirs  of  wannth — great  natural 

Stoves  or  heaters,  which  continue  to  impart  their  warmth 

D  the  frigid  winds  that  move  over  them,  and  thus  transfer 

r  irauence  to  the  contiguous  lands.    This  is^a  provision 
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*  of  the  traneporting  cnrrenta  grew  feebler,  they  bore  for- 

rard  only  the  finer  sands  and  aluminous  sedimentB  which 

e  generally  upon  the  surface  of  the  Southeru  States, 

e  rushing  torrents  born  of  the  dissolving  glacier  bus- 

I  themselves  also  with  the  work  of  excavation,     ilany 

n  existing  valley  and  river  course  was  detennined  by  the 

roaions  of  this  epoch.     Many  a  cut  through  the 

eocky  ribs  of  mountains  had  now  to  be  executed  to  make 

Way  for  the  escape  of  imprisoned  waters.     Many  a  broad 

md  rock-floored  valley  became  filled,  and  converted  into  an 

biluvial  plain,  by  the  rubbish  which  the  torrent  deposited 

1  its  quieter  mood.    Many  a  basin  was  now  scooped  out 

ih,  in  the  next  epoch,  became  a  lake  of  standing  water. 

The  basins  of  all  the  larger  lakes  that  have  been  excavated 

J  erosive  action  conform  in  their  longitudinal  extent  to 

ifl  strike  of  the  underlying  formations.     A  line  running 

through  the  centres  of  the  great  lakes  from  Chicago  to  Os- 

*o,  runs  approximately  along  the  winding  strike  of  the 

nations  of  a  certain  age.     This  line  shows  the  confign- 

Ktation  of  the  shore  of  the  continent  when  those  formations 

■jwere  accumulating.   It  is  worthy  of  particular  note  that  the 

ihore-line  was  always  substantially  parallel  to  the  axis  of 

e  fresh  waters  during  all  paleozoic  time.    In  the  Lower 

Slurian  it  lay  to  the  north  of  these  waters.     During  the 

Devonian  it  was  to  the  south  of  the  waters.     During  the 

r  SUurian  it  was  to  the  south  in  the  eastern  region, 

3  to  the  north  (or  northwest)  in  the  western  region.    We 

lay  here  seize  upon  a  key  to  carry  with  us,  and  unlock  at 

T  time  the  geological  map  of  the  country  before  the 

s  eye  (compare  Fig.  58).    Every  one  locates  instantly 

Vjud  definitely  the  Niagara  Falls  and  Niagara  River.     The 

■Ifiagara  limestone  was  named  from  the  falls,  audits  out- 

ropping  belt  trends  east  and  west  at  that  point.     This  is 

3  great  limestone  mass  of  the  Upper  Silurian.     As  in 
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New  Tort,  the  growtli  of  the  continent  was  toward  the 
south,  the  rocks  of  the  Lower  Silnriau  must  lie  to  the  north 
of  Niagara  Falls,  and  the  rocks  of  the  Devonian  to  the 
south.  From  either  of  these  regions  trace  a  line  parallel 
with  the  axis  of  the  lake  waters — omitting  Lake  Superior 
— and  we  have  the  geographical  boundary  of  a  Bystem  of 
rocka,  or  one  of  the  shore-lines  of  the  ancient  continent. 

It  is  a  carious  fact  that  the  great  lakes  were  excavated 
along  the  outcrops  of  the  formations  inatead  of  across  them. 
It  is  not  an  unaccountable  fact,  for  the  lines  of  least  resist- 
ance must  have  run  along  the  trends  of  the  most  friable 
strata.  Lake  Michigan  is  scooped  out  from  Devonian  for- 
mations ;  and  the  same  is  trae  uf  Lake  Erie.  Lake  Ontario 
is  excavated  in  Lower  Silurian  strata ;  and  the  same  is  true 
of  Georgian  Bay,  Green  Bay,  and  the  Wisconsin  lakes  far- 
ther south — Winnebago,  Uoricon,  and  Albion.  The  basin 
of  Lake  Iluron  is  underlaid  by  Devonian  and  Upper  Silu- 
rian rocks.  It  seema  to  be  two  basins  coalesced ;  and  but 
for  the  peninsula  of  Niagara  limestone  separating  it  from 
Georgian  Bay,  it  would  be  three  basins  blended  in  one. 
Lake  Champlain  also  conforms  to  the  trend  of  Lower  Silu- 
rian strata,  but  the  small  meridional  lakes  of  Central  and 
Western  New  York  are  plowed  across  the  formations. 
They  are  a  kind  of  inland  fiords,  worked  out  perhaps  rather 
by  the  action  of  the  glacier  than  by  that  of  the  floods 
which  followed. 

The  influence  of  these  vast  Inland  accumnlations  of  fresh 
water  upon  the  comfort  and  happiness  of  man  is  strikingly 
beneficent  and  providential.  They  serve  as  equalizers  of 
summer  and  winter  temperatures.  In  winter  they  may 
be  regarded  as  vast  reservoirs  of  warmth — great  natural 
stoves  or  heaters,  which  continue  to  impart  their  warmth 
to  the  frigid  winds  that  move  over  them,  and  thus  transfer 
their  imuence  to  the  contiguous  lands.    This  is'a  provision 
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t  of  the  transporting  currents  grew  feebler,  they  bore  for- 
"ard  only  the  finer  sanda  and  aluminous  sediments  ivhich 
6  generally  upon  the  surface  of  the  Southern  States, 
e  rushing  torrents  born  of  the  dissolving  glacier  bus- 
1  themselves  also  with  the  ■work  of  excavation.    Many 
Q  existing  valley  and  river  course  was  determined  by  the 
Btive  erosions  of  this  epoch.     Many  a  cut  through  the 
rocky  riba  of  mountains  had  now  to  be  executed  to  mate 
J  for  the  escape  of  imprisoned  waters.     Many  a  broad 
tnd  roct-floored  valley  became  filled,  and  converted  into  an 
ivial  plain,  by  the  rubbish  which  the  torrent  deposited 
a  its  quieter  mood.     Many  a  basin  was  now  scooped  out 
I,  in  the  next  epoch,  became  a  lake  of  standing  water. 
%e  basins  of  all  the  larger  lakes  that  have  been  excavated 
[by  erosive  action  conform  in  their  longitudinal  extent  to 
i  strike  of  the  underlying  formations.     A  line  running 
rough  the  centres  of  the  great  lakes  from  Chicago  to  Os- 
!go,  runs  approximately  along  the  winding  strike  of  the 
formations  of  a  certain  age.     This  line  shows  the  configu- 
ration of  the  shore  of  the  continent  when  those  formations 
jffei-e  accumulating.   It  is  worthy  of  particular  note  that  the 
ihore-line  was  always  substantially  parallel  to  the  axis  of 
these  fresh  waters  during  all  paleozoic  time.    In  the  Lower 
Blurian  it  lay  to  the  north  of  these  waters.     During  the 
Devonian  it  was  to  the  south  of  the  waters.     During  the 
jErpper  Silurian  it  was  to  the  south  in  the  eastern  region, 
ud  to  the  north  {or  northwest)  in  the  western  region.    We 
y  here  seize  upon  a  key  to  carry  with  us,  and  unlock  at 
py  time  the  geological  map  of  the  country  before  the 
s  eye  (compare  Fig.  58).     Every  one  locates  instantly 
ind  definitely  the  Niagara  Falls  and  Niagara  River.     The 
iagara  limestone  was  named  from  the  falls,  and  its  out- 
ropping  belt  trends  east  and  west  at  that  point.     This  is 
i  great  limestone  mass  of  the  Upper  Silurian.     As  in 
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Jtt 
New  York,  the  growth  of  the  continent  waa  toward  the 
Houth,  the  rooks  of  the  Lower  Sihirian  must  lie  to  the  north 
of  Niagara  Falls,  and  the  rocks  of  the  Devonian  to  the 
south.  From  either  of  these  regions  trace  a  line  parallel 
with  the  axis  of  the  lake  waters — omitting  Lake  Superior 
— and  we  have  the  geographical  houndary  of  a  system  of 
rocks,  or  one  of  the  shore-lines  of  the  ancient  continentu 

It  is  a  curioua  fact  that  the  great  lakes  were  excavated 
along  the  outcrops  of  the  formations  instead  of  across  them. 
It  is  not  an  unaccountable  lact,  for  the  lines  of  least  resist- 
ance must  have  run  along  the  trends  of  the  most  Iriable 
strata.  Lake  Michigan  is  scooped  out  from  Devonian  for- 
mations ;  and  the  same  is  true  of  Lake  Erie.  Lake  Ontario 
is  excavated  in  Lower  Silurian  strata ;  and  the  same  is  true 
of  Georgian  Bay,  Green  Bay,  and  the  AVisconsin  lakes  fer- 
ther  south — Winnebago,  Horicon,  and  Albion.  The  basin 
of  Lake  Huron  is  underlaid  by  Devonian  and  Upper  Silu- 
rian rocks.  It  seems  to  be  two  basins  coalesced;  and  but 
for  the  peninsula  of  Niagara  limestone  separating  it  from 
Georgian  Bay,  it  would  he  three  basins  blended  in  one. 
Lake  Champlain  also  conforms  to  the  trend  of  Lower  Silu- 
rian strata,  but  the  small  meridional  lakes  of  Central  and 
Western  New  York  are  plowed  across  the  formations. 
They  are  a  kind  of  inland  fiords,  worked  out  perhaps  rather 
by  the  action  of  the  glacier  than  by  that  of  the  floods 
which  followed. 

The  influence  of  these  vast  inland  accumulations  of  fresh 
water  upon  the  comfort  and  happineas  of  man  is  strikingly 
beneficent  and  providential.  They  serve  as  equalizers  of 
sum.mer  and  winter  temperatures.  In  winter  they  may 
be  regarded  as  vast  reservoirs  of  warmth — great  natural 
stoves  or  heaters,  which  continue  to  impart  their  warmth 
to  the  frigid  winds  that  move  over  them,  and  thus  transfer 

|.  their  i^ience  to  the  contiguous  lands.    This  is'a  provi»on 
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f  the  transporting  currents  grew  feebler,  they  bore  for- 
i  only  the  finer  sands  and  aluminoua  sediments  which 
e  generally  upon  the  surface  of  the  Southern  States. 
e  rushing  torrents  born  of  the  dissolving  glacier  bus- 
ied themselves  also  with  the  work  of  excavation.  Many 
an  existing  valley  and  river  course  was  determined  by  the 
active  erosions  of  this  epoch.  Many  a  cut  through  the 
rocky  ribs  of  mountains  had  now  to  be  executed  to  make 
way  for  the  escape  of  imprisoned  waters.  Many  a  broad 
and  rock-floored  valley  became  filled,  and  converted  into  an 
alluvial  plain,  by  the  rubbish  which  tbe  torrent  deposited 
in  its  quieter  mood.  Many  a  basin  was  now  scooped  oat 
which,  in  the  next  epoch,  became  a  lake  of  standing  water. 
The  basins  of  all  the  larger  lakes  that  have  been  excavated 
by  erosive  action  conform  in  their  longitudinal  extent  to 
the  strike  of  the  underlying  formations,  A  line  running 
through  the  centres  of  the  great  lates  from  Chicago  to  Os- 
wego, runs  approximately  along  the  winding  strike  of  the 
formations  of  a  certain  age.  This  line  shows  the  configu- 
ration of  the  shore  of  the  continent  when  those  formations 
were  accumulating.  It  is  worthy  of  particular  note  that  the 
shore-line  was  always  Substantially  parallel  to  the  axis  of 
these  fresh  waters  during  all  paleozoic  time.  In  the  Lower 
Silurian  it  lay  to  the  north  of  these  waters.  During  the 
Devonian  it  was  to  the  south  of  .the  waters.  During  the 
Upper  Silurian  it  was  to  the  Boutli  in  the  eastern  region, 
and  to  the  north  {or  northwest)  in  the  western  region.  We 
may  here  seize  upon  a  key  to  carry  with  us,  and  unlock  at 
any  time  the  geological  map  of  the  country  before  the 
mind's  eye  (compare  Fig.  58).  Every  one  locates  instantly 
and  definitely  the  Niagara  Falls  and  Niagara  River.  The" 
Niagara  limestone  was  named  from  the  falls,  and  its  out- 
cropping belt  trends  east  and  west  at  that  point.  This  is 
the  great  limestone  mass  of  the  Upper  Silurian.     As  in 
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New  Tort,  the  growth  of  the  continent  was  toward  the 
south,  the  rocks  of  the  Lower  Silurian  must  lie  to  the  north 
of  Niagara  Falls,  and  the  roeks  of  the  Devonian  to  the 
south.  From  either  of  these  regions  trace  a  line  parallel 
with  the  axis  of  the  lake  waters — omitting  Lake  Superior 
— and  we  have  the  geographical  boundary  of  a  Bystem  of 
rocka,  or  one  of  the  shore-lines  of  the  ancient  continent. 

It  is  a  curious  fact  that  the  great  lakes  were  excavated 
along  the  outcrops  of  the  formations  instead  of  acroaa  them. 
It  ia  not  an  unaccountable  fact,  for  the  lines  of  least  resists 
ance  must  have  run  along  the  trends  of  the  most  friable 
strata.     Lake  Michigan  is  scooped  out  from.  Devonian  for- 
mations ;  and  the  same  is  trne  of  Lake  Erie.    Lake  Ontario 
is  excavated  in  Lower  Silurian  strata ;  and  the  same  ia  true 
'  of  Georgian  Bay,  Green  Bay,  and  the  Wisconsin  lakes  far- 
I  ther  south — Wiunebago,  Horicon,  and  Albion.    The  basin 
I    of  Lake  Huron  is  underlaid  by  Devonian  and  Upper  Silu- 
rian rocks.     It  seems  to  be  two  basins  coalesced ;  and  but 
'    for  the  peninsula  of  Niagara  limestone  separating  it  from 
Georgian  Bay,  it  would  be  three  basins  blended  in  one. 
Lake  Champlain  also  conforms  to  the  trend  of  Lower  Silu- 
rian strata,  but  the  small  meridional  lakes  of  Central  and 
Western  New  York   are  plowed    across   the   formations. 
They  are  a  kind  of  inland  fiords,  worked  out  perhaps  rather 
by  the  action  of  the  glacier  than  by  that  of  the  floods 
which  followed. 

The  influence  of  these  vast  inland  accumulations  of  fresh 
water  upon  the  comfort  and  happiness  of  man  is  strikingly 
beneficent  and  providential.  They  Ber\'e  as  equalizers  of 
summer  and  winter  temperatures.  In  winter  they  may 
be  regarded  as  vast  reservoirs  of  warmth — great  natural 
stovea  or  heaters,  which  continue  to  impart  their  warmth 
to  the  frigid  winds  that  move  over  them,  and  thus  transfer 
their  iranence  to  the  contijinous  landa.  This  ia'a  provision 
K2 
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K  of  the  transporting  currents  grew  feebler,  they  bore  for- 
«rd  only  the  finer  Bands  and  alummonB  sediments  which 

lose  generally  upon  the  surface  of  the  Southern  States. 
'  The  rushing  torrents  bom  of  the  dissolving  glacier  bua- 
~ied  themselves  also  with  the  work  of  excavation.  Many 
an  existing  valley  and  river  course  was  determined  by  the 
active  erosions  of  thia  epoch.  Many  a  cut  through  the 
rocky  ribs  of  mountains  had  now  to  be  executed  to  make 
way  for  the  escape  of  impriBOned  waters.  Many  a  broad 
and  rock-floored  valley  became  filled,  and  converted  into  an 
alluvial  plain,  by  the  rubbish  which  the  torrent  deposited 
in  its  quieter  mood.  Many  a  basin  was  now  scooped  out 
which,  in  the  next  epoch,  became  a  lake  of  standing  water. 
The  basins  of  all  the  larger  lakes  that  have  been  excavated 
by  erosive  action  conform  in  their  longitudinal  extent  to 
the  strike  of  the  underlying  formations.  A  line  running 
through  the  centres  of  the  great  lakes  from  Chicago  to  Os- 
wego, runs  approximately  along  the  winding  strike  of  the 
formations  of  a  certain  age.  This  line  shows  the  configu- 
ration of  the  shore  of  the  continent  when  those  formations 
were  accumulating.  It  is  worthy  of  particular  note  that  the 
shore-line  was  always  substantially  parallel  to  the  axis  of 
these  fresh  waters  during  all  paleozoic  time.  In  the  Lower 
Silurian  it  lay  to  the  north  of  these  waters.  During  the 
Devonian  it  was  to  the  south  of  .the  waters.  During  the 
Upper  SUurian  it  was  to  the  south  in  the  eastern  region, 
and  to  the  north  (or  northwest)  in  the  western  region.  We 
may  here  seize  upon  a  key  to  cany  with  us,  and  unlock  at 
any  time  the  geological  map  of  the  country  before  the 
mind's  eye  (compare  Fig,  68).  Every  one  locates  instantly 
and  definitely  the  Niagara  Falls  and  Niagara  River.  The 
Niagara  limestone  was  named  from  the  falls,  and  .its  out- 
cropping belt  trends  east  and  west  at  that  point.  This  is 
the  great  limestone  mass  of  the  Upper  Silurian.     As  in 
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I  New  York,  the  growtli  of  the  continent  waa  toward  the 
I  south,  the  rocks  of  the  Lower  Silurian  must  lie  to  the  north 
f  Niagara  Falls,  and  the  rocka  of  the  Devonian  to  the 
j  south.    From  either  of  these  regions  trace  a  line  parallel 
I  with  the  axis  of  the  lake  waters — omitting  Lake  Snperior 
—and  we  have  the  geographical  boundary  of  a  system  of 
*  Tocks,  or  one  of  the  shore-lines  of  the  ancient  continent 
It  is  a  curious  fact  that  the  great  lakes  were  excavated 
along  the  outcrops  of  the  formations  inatead  of  across  them. 
It  ia  not  an  unaccountable  fact,  for  the  lines  of  least  resist- 
ance must  have  run  along  the  trends  of  the  most  friable 
I  strata     Lake  Michigan  is  scooped  out  from  Devonian  for- 
I  mations ;  and  the  same  is  true  of  Lake  Erie,    Lake  Ontario 
I  is  excavated  in  Lower  Silurian  strata ;  and  the  same  is  true 
f  of  Georgian  Bay,  Green  Bay,  and  the  Wisconsin  lakes  &r- 
I  .ther  south — Winnebago,  Horicon,  and  Albion.     The  basin 
I  of  Lake  Huron  is  underlaid  by  Devonian  and  Upper  Silu- 
[>  lian  rocks.     It  seems  to  be  two  basins  coalesced ;  and  but 
I  for  the  peninsula  of  Niagara  limestone  separating  it  from 
jGeorgian  Bay,  it  would  be  three  basins  blended  in  one. 
rljake  Champlain  also  conforms  to  the  trend  of  Lower  Silu- 
Itiian  strata,  but  the  small  meridional  lakes  of  Central  and 
r  Western  New  York   are  plowed  across  the  formations. 
I  They  are  a  kind  of  inland  fiords,  worked  out  perhaps  rather 
rty  the  action  of  the  glacier  than  by  that  of  the  floods 
If  which  followed. 

The  influence  of  these  vast  inland  accumulations  of  fresh 
I  water  upon  the  comfort  and  happiness  of  man  is  strikingly 
I  beneficent  and  providential.  They  serve  as  equalizers  of 
I  summer  and  winter  temperatures.  In  winter  they  may 
I  be  regarded  as  vast  reservoirs  of  warmth — great  natural 
toves  or  heaters,  which  continue  to  impart  their  warmth 
_o  the  frigid  winds  that  move  over  them,  and  thus  transfer 
|their  ^Suenco  to  the  contiguous  lands.    This  is'a  prov 
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er  of  the  transporting  currents  grew  feebler,  they  bore  for- 
ward only  the  finer  sands  and  aluminous  sediments  which 
repose  generally  upon  the  surface  of  the  Southern  States. 

The  rushing  torrents  bom  of  the  dissolving  glacier  bus- 
ied themselves  also  with  the  work  of  excavation.  Many 
an  existing  valley  and  river  course  was  determined  by  the 
active  erosions  of  this  epoch.  Many  a  cut  through  the 
rocky  ribs  of  mountains  had  now  to  be  executed  to  make 
way  for  the  escape  of  imprisoned  waters.  Many  a  broad 
and  rock-floored  valley  became  filled,  and  converted  into  an 
alluvial  plain,  by  the  rubbish  which  the  torrent  deposited 
in  its  quieter  mood.  Many  a  basin  was  now  scooped  out 
which,  in  the  next  epoch,  became  a  lake  of  standing  water. 
The  basins  of  all  the  larger  lakes  that  have  been  excavated 
by  erosive  action  conform  in  their  longitudinal  extent  to 
the  strike  of  the  underlying  formations.  A  line  running 
through  the  centres  of  the  great  lakes  from  Chicago  to  Os- 
wego, runs  approximately  along  the  winding  strike  of  the 
formations  of  a  certain  age.  This  line  shows  the  configu- 
ration of  the  shore  of  the  continent  when  those  formations 
were  accumulating.  It  is  worthy  of  particular  note  that  the 
shore-line  was  always  substantially  parallel  to  the  axis  of 
these  fresh  waters  during  all  paleozoic  time.  In  the  Lower 
Silurian  it  lay  to  the  north  of  these  waters.  During  the 
Devonian  it  was  to  the  south  of  .the  waters.  During  the 
Tipper  Silurian  it  was  to  the  south  in  the  eastern  region, 
and  to  the  north  (or  northwest)  in  the  western  region.  We 
may  here  seize  upon  a  key  to  carry  with  us,  and  unlock  at 
any  time  the  geological  map  of  the  country  before  the 
mind's  eye  (compare  Fig.  58).  Every  one  locates  instantly 
and  definitely  the  Niagara  Falls  and  Niagara  River.  The 
Niagara  limestone  was  named  from  the  falls,  and  .its  out- 
cropping belt  trends  east  and  west  at  that  point.  This  is 
the  great  limestone  mass  of  the  Upper  Silurian.     As  in 
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New  York,  the  growth  of  the  continent  was  toward  the 
south,  the  rocks  of  the  Lower  Silurian  must  lie  to  the  north 
of  Niagara  Falls,  and  the  rocks  of  the  Devonian  to  the 
south.  From  either  of  these  regions  trace  a  line  parallel 
with  the  axis  of  the  lake  waters — omitting  Lake  Superior 
— and  we  have  the  geographical  boundary  of  a  system  of 
rocks,  or  one  of  the  shore-lines  of  the  ancient  continent. 

It  is  a  curious  fact  that  the  great  lakes  were  excavated 
along  the  outcrops  of  the  formations  instead  of  across  them. 
It  is  not  an  unaccountable  fact,  for  the  lines  of  least  resist- 
ance must  have  run  along  the  trends  of  the  most  friable 
strata.  Lake  Michigan  is  scooped  out  from  Devonian  for- 
mations ;  and  the  same  is  true  of  Lake  Erie.  Lake  Ontario 
is  excavated  in  Lower  Silurian  strata ;  and  the  same  is  true 
of  Georgian  Bay,  Green  Bay,  and  the  Wisconsin  lakes  far- 
ther south — ^Winnebago,  Horicon,  and  Albion.  The  basin 
of  Lake  Huron  is  underlaid  by  Devonian  and  Upper  Silu- 
rian rocks.  It  seems  to  be  two  basins  coalesced ;  and  but 
for  the  peninsula  of  Niagara  limestone  separating  it  from 
Georgian  Bay,  it  would  be  three  basins  blended  in  one. 
Lake  Champlain  also  conforms  to  the  trend  of  Lower  Silu- 
rian strata,  but  the  small  meridional  lakes  of  Central  and 
Western  New  York  are  plowed  across  the  formations. 
They  are  a  kind  of  inland  fiords,  worked  out  perhaps  rather 
by  the  action  of  the  glacier  than  by  that  of  the  floods 
which  followed. 

The  influence  of  these  vast  inland  accumulations  of  fresh 
water  upon  the  comfort  and  happiness  of  man  is  strikingly 
beneficent  and  providential.  They  serve  as  equalizers  of 
summer  and  winter  temperatures.  In  winter  they  may 
be  regarded  as  vast  reservoirs  of  warmth — great  natural 
stoves  or  heaters,  which  continue  to  impart  their  warmth 
to  the  frigid  winds  that  move  over  them,  and  thus  transfer 
their  influence  to  the  contiguous  lands.    This  is 'a  provision 
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which, till  very  recently.haa  teen  overlooked.  It  has  been 
well  understood  that  the  Atlantic  ameliorates  the  climate 
of  Western  Europe,  and  the  Pacific  that  of  Western  Amer- 
ica. I  have  had  occasion  to  ascertain  that  a  similar  influ- 
ence is  exerted  by  the  great  lakea,  and  to  an  extent  which 
is  far  more  than  proportional  to  their  volume,  as  compared 
with  one  of  the  oceans.  I  have  investigated  the  climate 
and  productions  of  the  belt  along  the  eastern  aide  of  Lake 
Michigan,  from  St.  Joseph  to  Mackinac,  and  especially  in 
the  "  Grand  Traverse  Kegion,"  where  the  bays  penetrate 
tar  inland,  anil  thus  augment  tho  climatic  influence  of  the 
water.  In  the  Grand  Traverse  region  the  thei-mometer 
never  sinks  more  than  fourteen  degrees  below  zero,  and 
hence  none  of  the  more  delicate  fruit-trees  ever  sufler  in- 
jury from  the  aovcrity  of  the  winter.  Autumnal  frosts  are 
delayed  till  late  in  October,  and  hence  the  season  is  suffi- 
ciently long  for  the  npening  of  peaches  and  grapes.  Snow 
falls  in  Kovember  or  December,  before  severe  freezing 
weather  arrives,  and  hence  the  ground  is  never  frozen,  and 
tender  roots  stand  out  through  the  winter.  In  extreme 
winter  weather  the  eastern  shoi'e  of  the  lake  is  from  fifteen 
to  twenty  degrees  warmer  than  the  immediate  western 
shore.  But  the  western  shore,  as  that  industrious  physi- 
cist and  arehieologist.  Dr.  I.  A,  Lapham,  has  shown,  is  sen- 
sibly milder  than  the  interior  of  Wisconsin,  so  that  the 
ameliorating  influence  of  the  lake  upon  the  climate  of 
Michigan  becomes  strikingly  manifest.  No  Northern 
state  can  compete  with  Michigan  in  the  production  of 
fruits.  This  fact,  to  a  great  extent,  is  owing  to  its  envi- 
ronment by  the  great  lakes.  The  western  slope  of  the 
state  is  most  favorably  circumstanced  in  this  respect. 

Lake  Michigan  is  a  body  of  water  three  hundred  miles 
long,  sixty  miles  wide,  and  eight  hundred  feet  deea  The 
bottom  is  warmed  by  the  internal  fires  of  the  eartff    Tlie 
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water  atandB  at  least  fifteen  degrees  above  the  mean  tem- 
perature of  the  year  in  the  same  latitude.  But,  even  with- 
out this  warming  influence,  the  mean  of  the  climate  is  oon- 
eiderably  above  the  freezing  point,  and  the  cold  of  winter 
does  not  suffice  to  depi-ess  so  large  a  body  of  water  to 
thirty-two  degrees.  The  lake,  therefore,  never  sinks  below 
thirty-eight  or  forty  degrees.  The  bitter  westerly  winds, 
consequently,  in  sweeping  across  the  lake,  experience  a 
material  softening  before  they  strike  the  Michigan  side. 
It  is  worthy  of  note  that,  throughout  the  Northwest,  the 
severest  winter  winds  come  (toth  the  west  and  southwest. 
4  for  this  reason  that  the  eastern  shores  of  the  great 
lakes  are  more  beneiited  than  the  western.  As  the  bitter- 
est winds  of  all  are  from  the  southwest,  it  follows  that  a 
situation  which,  like  the  Grand  Traverse  region,  can  re- 
ceive the  winds  that  have  traveled  the  longest  distance 
over  the  lake,  will  be  best  protected  from  the  frosts  of 
winter. 
It  is  probable  that  the  Canadian  region,  along  the  east- 
I  em  shore  of  Lake  Huron,  enjoys  a  winter  climate  similarly 
[•■exempt  fi-om  destructive  extremes.  The  influence  of  these 
\  lakes  ia  sensibly  felt  even  along  their  northern  shores.  The 
region  south  of  Lake  Ontario  has  long  been  celebrated  for 
its  fruits,  while  the  soiithcrn  shore  of  Lake  Erie  has  been 
proven  one  of  the  best  grape-producing  districts  of  the 
world. 

Such,  then,  are  some  of  the  beneficent  results  of  an  inci- 
dent of  the  epoch  of  the  dissolution  of  the  glacier.    The 
[■ice  was  rapidly  melted;  torrents  sprang  into  existence, 
^-and  scooped  out  lake  basins;  these  became  filled  with 
t  waters  which,  besides  subserving  the  interests  ofnaviga- 
111,  exert,  perhaps,  a  more  beneficial  influence  in  ameliora- 
ig  the  condition  of  man  in  the  centre  of  the  continent 
A  diflerent  ordeal  stiil  awaited  the  destined  dwelling- 
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place  of  American  freedom.  The  subsidence  wliicli  had 
restored  the  genial  climate  of  the  Tertiary  Age  extended 
from  the  Arctic  to  the  Temperate  regions.  By  degrees, 
Wisconsin,  Michigan,  New  York,  Ohio,  and  other  Northern 
States  disappeared  beneath  the  waves.  Here  the  denizens 
of  the  land  had  held  undisputed  sway  during  the  long  ages 
since  the  coal-bogs  were  made  vocal  with  the  croaking  of 
gigantic  Batrachians.  Now  all  that  had  been  gained  was 
lost.  ^The  trident  of  Neptune  waved  again  where  stately 
trees  had  reared  their  palmy  heads,  and  the  mastodon  had 
hurried  through  the  forest  with  his  thunder-waking  tread. 
Such  are  the  fortunes  of  contests  in  the  natural  as  in  the 
social  world. 


CHAPTER  XXL      ^ 

EHSTJEBKCnON    OF  THE   COHTtSENT. 

IT  seemed  like  a  failure  of  the  plan  of  creation.  The 
land  gained  by  unnumbered  throes  of  the  continept  was 
lost.  The  higher  summits  only  held  their  heads  above  the 
level  of  the  careering  wavea  Deposits  bearing  the  marks 
of  oceanic  action  reach  to  an  elevation  of  six  thousand  feet 
on  Mount  Washington,  two  thousand  or  more  on  the  Green 
Mountains,  and  three  thousand  on  Monadnock,  But  this 
deep  submergence  was  not  of  long  continuance.  Slowly 
the  continent  rose  again  from  its  deep  sea-burial.  As  sum- 
mit after  summit  lifted  its  gravel-covered  brow  above  the 
sea,  the  retiring  waves,  lingering,  dallied  with  the  pebbles 
on  the  widening  beach.  As  the  continent  rose,  every  inch 
became,  in  succession,  the  ocean  shore,  and.was  subjected 
to  the  assorting  action  of  the  waters.  As  a  consequence, 
the  finer  materials  were  left  upon  the  surface,  and  a  most 
suitable  substratum  for  the  soil  was  thus  provided.  Dur- 
ing the  preccdmg  epoch.  Nature  robbed  the  Northern 
States  of  their  finer  material  for  the  benefit  of  the  South- 
em.  Now  she  made  amends  by  raking  up  the  deep  de- 
posits, and  selecting  and  strewing  over  the  surface  a  new 
supply  of  finer  detritus  for  the  benefit  of  the  Northern 
States. 

Before  the  resurrection  was  completed,  Nature  made 
several  pauses  in  her  work,  and  the  sea  was'  permitted  to 
stand,  perhaps  for  ages,  over  districts  that  had  been  marked 

■  as  the  dwelling-place  for  man.  The  first  pause  occurred 
when  the  waters  still  stood  four  hundred  feet  above  their 
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present  level  at  Montreal.  At  lower  levels,  down  to  twen- 
ty-flve  or  thirty  feet,  the  traces  of  standing  waters  have 
been  oLservcd  about  New  England  and  Long  Island.  At 
one  time  the  Atlantic  flowed  up  the  valley  of  the  St.  Law- 
rence to  MonfWal,  and  whales  sported  in  an  arm  of  the  sea 
which  reached  over  the  valley  of  Lake  Champlain.  The 
ancient  beaches  have  been  traced  all  around  those  earlier 
borders  of  the  land. 

The  last  portion  of  this  upward  movement  has  been  in 
times  comparatively  recent.  We  are  neither  to  suppose 
that  the  work  was  suddenly  and  violently  performed,  nor 
that  it  is  even  yet  complete.  The  secular  elevations  now 
known  to  be  progressing  at  various  points  along  our  coast 
are  but  a  continuation  of  the  action  which  rescued  our  con- 
tinent from  the  jaws  of  the  ocean,  and  which  may  be  far- 
ther continued  for  many  ccntnricB.  Who  knows  how  much 
land  may  yet  be  added  to  the  noitheastem  border  of 
America  ?  Who  can  say  that  Newibundland  may  not  yet 
become  a  peninsula  joined  to  the  main  land,  or  that  the 
ancient  submerged  prolongation  of  our  continent  may  not 
be  again  resurrected?  NewEngland  may  cease  to  be  "lit- 
tle New  England,"  and  may  boast  of  as  many  acres  as  the 
"  Groat  West" — or  at  least  that  portion  of  it  covered  by 
tlie  organized  states.  However,  New  Eiiglanders  ought 
not  to  indulge  too  sanguine  expectations  in  this  respect. 

Around  the  Gulf-border  of  our  country  the  indications 
of  fiiture  extension  are  of  a  more  reliable  character.  In 
one  region  the  delta  of  the  Mississippi  is  continuing  to 
puSh  itself  seaward.  Materials  are  being  transferred  from 
the  Rocky  Mountains  to  Louisiana.  The  Mississippi  is  an- 
nually building  out  into  the  Gulf  From  the  same  source 
arises  another  and  an  unexpected  development  of  land 
Tipon  another  portion  of  the  Gulf-bordor.  Vast  quantities 
uf  the  finer  sediments  of  the  Mississippi  are  floated  out  into 
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the  nnge  of  the  Golf  Stream,  and  bonic  oiiwitnl  around 
the  peninsoli  of  Florida  mio  the  Atlautic.  Ah  is  woll 
kaowa,  the  Gtdf  Strtsm  in  this  region  jiurHiicn  a  uourno 
from  west  to  east,  and,  in  passing  the  Florida  KuyM,  It 
bends  nonbward.  At  this  flexure  of  the  strenin,  tliu  utiltir 
portion  of  the  cuirenl  mnst  necessarily  bo  iiiuri"  rujiid  tlinn 
the  inner,  or  that  nearest  the  main  land.  The  retardutltjli 
of  the  inner  belt  gives  more  time  for  the  di;|K)fiition  uf  IW 
sediments,  and  we  accordingly  (tnd  a  BubmurlnK  liiuik  uf 
mud  gradually  raised.  When  tlit^  Hiitiimit  of  iIiIn  bniik 
reaches  to  n-itbin  about  two  hundred  feet  of  tliu  rtiirJiKW, 
the  coral-builder  plants  his  foundationn  upon  U,  nml  |ia* 
tiently  rears  his  massive  reef  to  the  owan'd  Hui'fiti'u, 

"  Unconsrious,  not  uiiwurthy  liiilriiniont 
By  which  a  hnnd  invitiblu  in  nuriiiK 
A  new  ci'ention  in  [bo  vocrot  deeji." 

In  the  mean  time  the  ocean  Htrenm  In  amwAed  hn\lo¥ 
toward  the  south,  where  the  water*  are  dt'uper,  Hiiiiiil' 
taneously  the  mud  deposits  cxtiiiid  aoiltIiwi>r<l,  ttdfj  ll(W)H 
these  stretches  southward  also  the  "luanonry  itiijf^i'lalmt'li'" 
of  the  little  coral  architect.  An  with  all  virul  riWii,  Uiuwi 
of  Florida  are  gradually  being  covered  wHIi  the  rimA^aljl 
of  a  soil,  and  clothed  with  a  tropical  vegetation,  Tbu*  iit& 
land  at  this  point  is  continually  extending  itsulf.  Wluiii 
we  inquire  for  what  length  of  time  aiwl  ovwr  wlmt  i]Uttu>iti 
this  growth  of  the  land  hae  taken  plaice,  w«  And  that  bulf 
the  peninsula  of  Floi-ida  in  underlaid  by  a  reef  which  fa  ab- 
solutely continuous  with  that  now  forming,  and  Ihul  tllB 
species  of  polyps  which  worked  upon  that  foundation  *of  a 
state  were  identical  with  those  now  laboring  to  extend  tiia 
area  of  American  fiecdora.  It  apfiearij,  tlicretbre,  that  tbs 
same  processes  which  have  resulted  in  tlie  formation  of 
that  peninsula  are  still  extending  it  southward.    The  Liinii 

1  not  be  inSuilely  remote  when  the  "  ever  blesHud  !itl«" 
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will  be  peacefully  annexed  to  the  dominions  of  the  Ameri- 
can eagle. 

These  are  ETents  and  phenomena  whose  history  reaches 
down  to  the  present,  and  whose  promises  extend  into  the 
future.  Let  as  turn  hack  our  thoughts  for  a  moment,  and 
reinspect  the  phenomena  and  results  wrought  out  by  the 
ocean  on  occasion  of  his  last  supremacy  over  the  land.  It 
seemed,  indeed,  as  if  the  work  of  Nature  had  proved  a  fail- 
ure ;  but  this  very  inundation  had  been  embraced  in  the 
plans  of  infinite  Beneficence.  I  bave  already  alluded  to 
the  assorting  action  exerted  upon  the  loose  materials  left 
upon  the  surface  by  the  retiring  gfecier.  Large  portions 
of  the  drift  were  completely  worked  over,  and  redeposited 
under  a  semi-stratified  arrangement.  Who  has  not  stood 
in  a  railroad-cut  through  a  bank  of  these  materials,  and 
witnessed  the  bands  of  variously-colored  sands  and  clays 
exposed  in  the  walls  of  the  cat?  From  such  an  exposure 
of  the  internal  structure  of  these  hills  and  ridges  one  may 
learn  that  they  consist  of  beds  of  clay  of  various  extent, 
and  variously  inclined  in  reference  to  each  other,  between 
which  the  spaces  are  filled  up  with  sand  and  pebbles.  Now 
thisTircura stance,  accidental  as  it  seems  to  be,  has  contrib- 
uted immensely  to  human  convenience.  The  rain^  which 
fall  upon  the  surface  of  the  earth  percolate  through  the 
aupei'ficial  layere  of  sand  and  gravel,  but  always,  sooner  or 
later,  reach  one  of  these  strata  of  clay,  by  which  the  farther 
downward  progress  of  the  water  is  arrested.  Upon  the  top 
of  such  a  bed  of  clay  the  water  accumulates.  It  saturates 
the*overlying  sands.  It  is  true  that  it  will  slowly  follow 
the  descent  of  the  cl.ay  bed,  and  will  reach  its  margin,  and 
begin  another  descent.  It  will  soon  be  arrested  again  in 
a  similar  manner,  and  will  form  a  deeper-seated  reservoir, 
which  in  turn  will  overflow  and  contribute  to  a  third. 
Thus  every  clayey  stratum,  whether  of  great  or  email  ex-" 
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I  tent,  ie  a  natural  cistern,  where  Providence  saves  the  rains 
I  -within  reach  of  the  surface — a  cistern  of  filtered  water,  pre- 
I  served  in  a  cool  and  protected  situation.  Man  penetrates 
'  the  drift  a  few  feet  at  any  place,  and  opens  one  of  these 
natural  cisterns  and  supplies  his  wants  (Fig.  83). 
But  the  dumb  beasts  have  never  learned  to  dig  wells. 

I  Observe  that  Providence  has  not  neglected  them.  The 
geological  forces  that  have  dug  river  gorges,  and  scooped 
out  valleys  large  and  amalt,  have  cut  across  these  beds  of 
clay,  and  tapped  a  myriad  cisterns  where  their  contents 
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at  the  foot  c,  c  The  entfecB  of  the  earlb.  d.  Oaicrop  of  bed  of  clay,  canelng  a 
epFlng,  If  the  poroae  materials  contain  R-agmentB  or  Hmestnnee,  toeaa  spring 
waters  are  hard,  end  deposit  travertin  e  from  d  toward  ti.  A  well  carried  below 
ilfi  supp] jjng'bed  may  lose  its  water  o^alxi- 

escape  upon  a  hill-side  (Fig.  83),  and  form  a  spring  at 

which  the  untutored  brute  may  slake  his  thirst  without 

I  the  benefits  of  shovel  and  pick.     But  aa  all  animals  conld 

:onveniently  resort  to  springs,  and  as  there  are  certain 

B  that  have  not  been  scored  by  denuding  forces,  we 

d  the  hill-side  spring  wandering  off  in  a  modest  rill.    At 

length  it  joins  hands  with  a  neighboring  rill,  and,  with  aug- 
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leoted  force,  they  urge  their  -way  downward.  Soon  they 
■e  joined  by  other  streamletB,  and  thus  the  united  waters 
1  a  rivnlet,  which  goes  wandering  about  the  country, 
ieking  the  thirsty  and  weary  brute,  and  dispensing  its 
toessings  to  all  that  choose  to  partake.  On  this  traffic  no 
e-tax  has  been  imposed.  The  rivers  are  still  free  to 
Beraoibulate  the  country,  and  furnish  entertainment  and 
tomfort  for  man  and  beast. 

Suppose,  for  a  moment,  the  surface  of  the  diift  had  been 
|eft  an  unbroken  plain.     The  native  cisterns  might  still 
lave  been  inclosed,  but  no  leakages  could  occur;  neither 
ning  nor  rivulet  conld  originate   under  such  circum- 
tances.    A  stream  originating  in  another  region  might 
low  through  this,  but  even  such  a  stream  would  diminish 
biBtcad  of  augmenting  its  volume.     The  greedy  sands 
Ifould  consume  it.    Like  the  rivers  of  Nevada,  its  begin- 
bg  would  be  more  imposing  than  its  end. 
But  suppose,  farther,  that  in  a  country  of  auch  unbroken 
rface,  the  argillaceous  particles  had  not  been  separated 
nbeds  of  clay.    Suppose  the  entire  mass  of  drift  materials 
\  promiscuous  mixture  of  coarser  and  finer  constituents. 
iPhat  would  become  of  the  water  precipitated  from  the 
Is?     It  must  descend  to  the  rocky  foundations  of  the 
md.    Man,  who  would  seek  &  well,  must  dig  to  the  bot- 
tom of  the  formation.    This  might  be  one,  two,  or  five 
pundred  feet.     Such  a  condition  of  things  would  be  rather 
^convenient.    And  yet  the  existing  condition  results  from 
n  incident  in  geological  history  which,  at  first  view,  seems 
mly  destructive  and  retrogressive. 
Nor  is  this  alL     Vegetation  has  greater  need  than  man 
khat  a  large  body  of  water  should  he  held  within  a  limited 
Mistance  of  the  surface.     Were  rains  always  frequent,  this 
necessity  might  not  exist;  but  large  portions  of  the  earth's 
inrfacc  are  subject  to  droughts  of  greater  or  less  severity. 
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"Sow  in  time  of  drought,  when  the  immediate  surface  haa 

become  parched,  moisture  risea  by  capillary  attraction  from 

the  nearest  subterranean  reservoir.     Evidently  the  nearer 

this  reservoir  to  the  surface,  the  more  easily  and  rapidly 

[  its  alleviating  effects  will  reach  the  suffering  roots  of  veg- 

\  etation.     So  far  as  I  can  perceive,  the  soils  of  regions  cir- 

Lcamstanced  as  I  have  supposed  must  be  doomed  to  irreme- 

Kdiable  sterility. 

The  epoch  of  the  last  emergence  of  the  land  was  the  time 

"  when  the  precise  drainage  features  of  modem  times  were 

determined.    The  great  undulatious  of  the  surface  which 

determine  the  principal  water-sheds  depend,  it  is  true,  upon 

the  conformation  of  the  rocky  crust,  and  probably  existed 

f  nearly  as  they  now  exist  in  the  age  anterior  to  the  reign 

I  of  ice.     But  all  the  subordinate  details  of  the  drainage 

I  were  executed  whDe  the  continent  was  rising  from  its  last 

l-sblution.     There  was  a  time  when  the  descent  of  the  Mia- 

|i«iesippi  was  so  gradual  that  the  watera  spread  out  many 

■  miles,  and,  like  a  vast  bayou,  filled  the  valley  between  the 
W  bluffs  which  bound  to-day  its  alluvial  bottom.  This  is  the 
jcondition  of  the  Amazon  in  the  existing  epoch.  As  the  in- 
I  terior  of  the  continent  became  more  elevated,  the  currents 
I  of  the  rivers  became  swifter  and  narrower.  Many  river- 
l«hannels,  obliterated  by  the  agency  of  the  glacier,  and,  far- 
■■ther,by  the  blending  and  leveling  of  the  submerging  wavea, 
E  could  not  again  be  found  when  the  continent  was  restored. 
LThe  new-formed  streams  were  obliged  to  seek  out  new 
ll)aths,and  dig  new  outlets  to  the  sea.     The  ancient  gorge 

■  of  the  Niagara  had  been  obliterated,  and,  when  the  labors 
1. of  that  stream  were  resumed,  a  slight  change  in  the  config- 
Inratlon  of  the  surface  turned  the  current  from  "the  whirl- 

lool"  farther  to  the  cast  than  before.     On  reaching,  near 

jewiston,  the  brow  of  the  escarpment  which  then  formed 

rahe  head  of  the  great  Laurentian  estuary,  it  missed  its  att^ 
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cient  channel,  and,  plunging  headlong  down  the  precipice., 
began  again  the  practice  of  that  stupendous  system  of  en- 
gineering which  it  had  already  so  well  learned  to  wield. 

As  the  continent  slowly  rose  from  the  sea,  innnmerable 
depressions  in  the  newly-exposed  surface  were  left  filled 
with  the  brine.  Thus  the  basins  of  the  great  lakes  of 
North  America  were  first  filled.  But  an  outlet  existed 
from  these  lakes  to  the  ocean.  When  the  accession  of 
water  from  the  clouds  produced  an  ovei-flow,  the  drainage 
was  always  saliferous.  Thus  these  lakes  have  always  been 
giving  out  brine  and  receiving  only  pure  water.  As  a  con- 
sequence, their  original  brine  has  been  continually  diluted, 
until,  in  our  age,  its  salinity  is  no  longer  perceptible  to  the 
taste.  Nevertheless,  chemistry  has  a  tongue. that  still  de- 
tects the  saity  savor. 

Not  a  few  of  the  ancient  depressions  found  no  outlet. 
The  ocean's  brine,  imprisoned  within  impasBable  ban-iere, 
has  there  remained,  and  "salt  lakes"  are  the  result.  In 
many  instances  the  brine  of  these  lakes  has  even  been  con- 
centrated in  the  progress  of  time.  The  evaporation  of  pure 
water  from  their  surfaces  has  exceeded  the  precipitation 
from  the  clouds  within  the  limits  of  their  hydrographical 
basins.  This  is  probably  the  case  with  most  existing  salt 
lakes,  of  which  the  Caspian  Sea  is  our  largest  example. 
Some  of  these  salt  lakes,  in  the  progress  of  evaporation, 
have  greatly  shrunken  in  geographical  extent.  Their  aban- 
doned territory  is  often  satui-ated  with  saline  constituents 
I'ejected  by  the  overburdened  water.  Some  of  the  salt  and 
alkali  plains  of  our  Western  Territories  have  had  an  origin 
of  this  kind.  It  can  hardly  be  doubted,  however,  that 
the  great  salt-plantations  of  Nevada  result  from  dried-up 
streams  which  take  their  origin  in  salt-bearing  formations 
built  into  the  frame-work  of  the  sierras. 

We  have  now  arrived  at  a  point  where  we  can  read  the 
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history  of  our  beds  of  peat  and  marl.  These  neglected 
swampfi  demand  a  better  appreciation.  Improved  machia- 
ery  is  ab-eady  offering  ns  peat  for  heat-production.  There 
waa  a  time  when  the  richest  coal-bed  was  but  a  bottomlees 
peat-bog.  The  coal-measures  of  the  country  are  nothing 
but  fossilized  "  swamp-lands."  Nature  has  shown  an  inter- 
est in  peat.     Let  us  see  how  she  prepares  it  iu  modem 

I  have  already  called  to  mind  the  gi-and  events  which 
accompanied  the  last  great  revolution  of  the  globe.  "We 
have  seen,  in  imagination,  the  world  emerging  in  a  resur- 
rection from  its  grave  of  waters.  The  waves  have  glided 
down  the  shoulders  and  sides  of  the  continent  until  she  sat 
with  her  feet  only  bathing  in  the  sea.  But  the  surface  of 
the  land  was  covered  with  inequalities,  and  thousands  of 
little  depressions  held  their  lakelets  of  water  prisoners  in 
their  arms.  So  the  land  was  at  first  dotted  with  thousands 
of  little  inland  seas.  How  some  of  them,  with  no  outlet, 
held  fast  to  the  saltness  which  was  the  last  bequest  of 
their  mother  ocean,  I  have  alreadi^xplained.  How  oth- 
ers, lite  spendthrifts,  permitted  a  pl^ietual  outgo,  with  no 
income  to  correspond,  I  have  also  reminded  the  reader. 
At  what  particular  stage  of  dilution  Nature  ceased  to 
regard  them  as  fitting  abodes  of  the  marine  animals  which 
must  have  been  entrapped  -within  their  borders  I  am  nn- 
able  to  say.  By  what  means  they  became  tenanted  by 
the  beings  which  make  their  home  in  fresh  waters  I  am  un- 
able to  say  from  the  observed  operation  of  natural  laws.  I 
have  no  doubt  that  Nature  promptly  produced,  ab  oriffine, 
such  creatures  as  would  be  suited  to  the  new  ciroum.- 
stances. 

But  the  history  of  multitudes  of  the  smaller  and  shal- 
lower lakes  has  been  completely  closed.  For  ages  they  re- 
ceived and  swallowed  up  the  leachings  of  the  surrounding 


338  8EBTCHES  OP  OBEATION. 

hills,  anil  their  generally  calcareous  waters  precipitated, 
by  degrees,  a  bed  of  fine  calcareous  mud.  To  this  were 
added  the  dead  shells  of  myriads  of  little  molluscs  that 
flourished  upon  the  lime  held  by  the  waters.  The  bottom 
of  each  lakelet  became  a  bed  of  marl  But  ail  around  the 
margins  of  the  lakelet  the  grasses  and  sedges  were  vying 
with  each  other  in  venturiug  into  the  water.  The  amphib- 
ious mshea  put  them  both  to  shame  by  raising  their  dirty 
heads  sheer  through  the  slime  of  the  lakelet's  bottom. 
And  there  they  stood — the  rushes  up  to  their  knees  in 
water,  and  the  sedges  and  grasses  scarcely  over  shoe. 
Aud  every  leaf  and  stem  which  fell  upon  the  water  or  found 
its  way  to  the  shore,  became  entangled  in  the  herbage,  and 
lay  down  «nd  rotted  there  ;  and  the  rush,  and  the  sedge, 
and  grass,  when  shiill  November  carae, 

"  With  wailing  winds,  nnd  naked  wdoiJb,  and  meadows  brown  and  sear," 

bowed  their  heads  in  his  presence,  and  wrapped  themselves 
in  the  cerements  that  had  gathered  about  them.  Thus  a 
Boft  bed  of  vegetable jMuld  fringed  the  lakelet,  and  over- 
lapped the  deposit  onmrl  which  was  growing  beneath  the 
water.  From  year  to  year,  aa  the  water  shallowed  about 
the  margins,  encroaching  vegetation  crowded  farther  and 
farther  toward  the  centre  of  the  lakelet.  I  have  not  seen 
the  beginning  of  this  process ;  but  at  that  period  of  time  in 
which  I  have  been  permitted  to  begin  my  observations,  I 
find  these  changes  in  progress.  I  have  detected  Natnre  in 
mediis  relnis.  The  little  herb  standing  by  the  water's  brink 
this  year,  dies,  and  forms  a  deposit  exactly  like  that  which 
was  formed  in  the  year  before  my  eyes  —  or  any  human 
eyes — detected  the  character  of  these  vicissitudes;  and  my 
Liogic  compels  me  to  reason  from  that  which  I  have  seen  to 
which  no  man  has  seen.  And  so  it  is  of  the  changes 
wa  the  ocean's  shore,  until  the  facta  of  the  passing  world 
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are  made  to  illuminate  the  dark  and  mysterious  chamfcers 
of  the  fossil  realm. 

Reasoning  thus,  we  are  forced  to  the  conviction  that 
many  of  the  ancient  lakelets  have  become  completely  filled. 
Others  are  only  half  filled.  Others  have  bad  the  work  com- 
pleted even  "  within  the  memory  of  the  oldest  inhabitant." 
Who  is  not  acquainted  with  some  grassy  pond  which  hia 
father  had  known  as  a  clear  lakelet  ?  What  man  is  unable 
to  point  out  some  swale  that  in  boyhood  he  had  known  as 
a  grassy  pond  ?  or  some  meadow  that  he  has  traversed  aa 
an  old-time  swale?  The  work  is  not  ended  when  the  lake- 
let is  filled.  The  surrounding  eminences  still  continue  to 
afl"ord  lime-yielding  water,  which  saturates-  the  muck  and 
deposits  its  time ;  while  vegetation  still  pays  its  annual 
tribute  to  the  accumulating  stores,  till  the  solid  material 
becomes  sufficient  to  exclude  the  excess  of  water.  The  an- 
cient lakelet  is  at  length  a  finished  meadow.  Man  now 
steps  in  and  appropriates  the  annual  crop  as  coolly  and 
unthinkingly,  and  perhaps  as  thanklessly,  as  if  kind  Nature 
had  not  expended  a  thousand  years  and  infinite  pains  in 
fitting  it  up  for  hia  uses, 

Tiie  epoch  of  the  resurgence  of  the  continent  has  been 
styled  the  Champlain  Epoch  of  the  Post-Tertiary  Age. 
During  this  epoch  existed  the  mastodon  and  mammoth, 
whose  ponderous  bones  and  teeth  have  overstrewn  the 
entire  area  of  our  country.  Unlike  the  teeth  sown  by 
Cadmus,  those  of  these  giant  quadrupeds  produced  no 
crop,  and  we  are  not  early  enough  in  our  visit  to  this 
planet  to  be  gratified  by  the  exhibition  of  living  masto- 
dons and  hairy  elephants. 

It  was  probably  also  in  the  earliest  part  of  the  Cham- 
plain  Epoch,  jff  even  before  the  full  termination  of  the 
Glacial  Epoch,  that  man  appeared  upon  the  earth,  Judg- 
ing  solely  from  geological  data,  his  appearance  in  America 
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was  considerably  later  than  in  the  Old  World ;  but  even 
in  America  the  race  has  probably  looked  upon  the  later 
representatives  of  the  mammoth  and  mastodon  tribes.  I 
have  myself  exhumed  mastodon  bones  from  a  bed  of  peat 
not  more  than  three  feet  deep,  and  which  I  believe  could 
easily  have  been  accumulated  during  the  last  five  hundred 
years.  The  traditions  of  the  American  Indians  in  refer- 
ence to  the  acquaintance  of  their  ancestors  with  animals 
which  left  these  gigantic  remains  are  probably  founded 
upon  feet. 

But  this  is  a  subject  to  which  I  shall  return.  I  am 
tempted  still  to  offer  a  few  farther  reflections  upon  the 
physical  events  marking  the  dawn  of  the  Human  Epoch. 
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CHAPTER  XXU. 

FORMEK    UlUHEE  LEVEI.   OP  THE   GREAT   LAKES. 

TN  the  spring  of  1865,  at  the  time  of  the  memorable  floods, 
-^  I  had  occasion  to  pass  over  the  Great  Western  Railway 
from  Suspension  Bridge  to  Detroit.  From  Chatham  to  the 
vicinity  of  Detroit  this  road  runs  within  eight  of  Lake  St. 
Clair.  On  this  occasion  tlie  country  was  submerged  al- 
most as  far  as  the  eye  could  reach  in  every  direction.  Our 
engineer  seeq^d  to  be  practicing  a  new  species  of  navigar 
tion — rather  grallatorial  llian  natatorial.  The  little  lake 
had  become  rampant.  Outraged  by  the  long  encroach- 
ments of  the  land,  it  had  decided  to  assert  again  its  an- 
cient supremacy.  Then  I  was  reminded,  if  I  had  never 
been  before,  how  slight  a.  rise  in  the  lake  would  submerge 
entire  counties  lying  upon  its  borders. 

A  large  part  of  this  Canadian  peninsula  is  scarcely  above 
the  ordinary  level  of  the  lakes.  The  whole  region  looks 
like  an  ancient  swale  and  a  more  ancient  lake  boftom. 
The  same  is  true  of  a  considerable  breadth  on  both  sides 
of  Lake  St.  Clair  and  the  Detroit  and  St,  Clair  Rivers,  Lake 
St.  Clair  itself — except  when  rampant. — is  little  better  than 
a  marsh  with  a  river  running  through  it.  Among  naviga- 
tors it  is  the  opprobrinm  of  the  lakes.  One  never  ceases 
to  hear  sailors  talk  about  "  the  flats,"  and  Congress  never 
ceases  to  be  importuned  to  make  another  lake  where  Na- 
ture is  in  the  very  act  of  blotting  one  out.  If  the  reader 
has  ever  taken  a  steam-boat  trip  through  the  lake,  he  could 
not  avoid  discovering  that  it  is  the  very  similitude  of  oi 
test&tious  learning — "all  breadth  and  no  depth."     T^e 
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bullrushes  are  boldly  invading  and  occupying  it  on  every 
.  hand.  A  tliouaand  incipient  islands  are  breaking  up  its 
^continuity.  Oiic^it  was  fifty  miles  in  width  and  a  hun- 
j  dred  miles  long,  A  rise  of  ten  or  twenty  feet  would  make 
I  it  that  again.  * 

But  the  whole  series  of  lakes  is  nearly  of  the  same  level 
I  from  Chicago  to  Buffalo.    The  former  lygh  waters  of  Lake 
St.  Clair  imply  similar  floods  in  the  other  lakes.    Indeed, 
E  easily  discover  corroboration  of  this  in  the  topography 
!  of  the  country  at  Chicago,  Detroit,  and  Toledo.    These  cit^ 
\  iee  are  built  npon  the  slime  of  the  lakes,  and  a  slight  eleva- 
I  tion  of  the  waters  would  bury  them  beneath  a  new  deposit 
k  of  lacuatrine  mud.     The  artesian  wells  of  Toledo  are  sup-  ' 
plied  from  some  of  the  sandy  beds  of  the  a^^ienl  lake  sed- 
iment, which  follow  the  general  configuration  of  the  under- 
i  lying  drift,  and  come  to  the  surface  at  Bome  higher  level 
,  back  of  the  city. 

These  evidences  of  higher  waters  lead  us  to  iiiquij-e  for 

I  the  cause.     They  could  scarcely  be  occasioned  hy  a  great- 

\  er  volume  of  water,  since  the  outlets  are  of  sufficieilt  ca- 

I  pacity  to  prevent  its  accumulation.     Nothing  but  an  ob- 

1  struction  of  the  outlet  can  explain  the  phenomenon.     This 

I  ohstlTiction  must  have  existed  at  a  point  where  the  contig- 

i  shores  were  sufficiently  elevated  to  prevent  a  flank 

'  movement  of  the  water.     It  must  also  have  existed  at  a 

point  beyond  or  to  the  eastward  of  all  these  obvious  traces 

of  the  inundation.     It  could  not  have  been  at  Mackinac, 

for  that  would  not  have  flooded  Cauada  West.     It  could 

I  not  have  been  at  the  foot  of  Lake  Huron  for  the  same  rea- 

'  ,son,  and  because  the  contiguous  country  is  too  low.     It 

I  could  not  have  been  at  Buffalo  for  the  last-named  reason, 

I  and  also  because  the  country  between  Buffalo  and  Lake 

L  Ontario  belongs  to  the  submerged  area.     It  must  havo 

Ken  at  the  mouth  of  the  Ni^ara  River. 
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I  liave  said  the  Niagara  River  commenced  its  present 
gorge  duriag  the  Champlaia  Epoch.     In  reality  there  was 

,  no  Niagara  River  when  this  work  commenced.  Lake  Ei-ie 
stretched  dowE  the  volley  of  the  existing  river,  and  the 
overflow  of  its  hasin  wore  the  notch  in  the  rocky  rim 

[   which  was  the  hegiuuiDg  of  the  Niagara  River. 

Lake  Erie  stands  at  present  three  hundred  and  thirty- 
fonr  feet  above  Lake  Ontario.  At  the  time  of  which  I  am 
speaking  it  stood  three  hundred  and  seventy-two  feet  above 
Lake  Ontario,  and  filled  the  valley  of  Niagara  Rirtr  as  far 

I  as  the  heights  above  Lewistou  (Fig.  84).*  Indeed,  there 
are  clear  evidences,  in  the  form  of  beaches  containing  fresh- 

.  "water  shells,  that  the  level  of  the  river  was  once  forty  feet 
above  the  present  summit  of  the  falls.     No  barrier  has  ever 

I   existed  to  dam  the  water  to  this  height  except  the  escarp- 

'  ment  at  Lewiston.  This  is  one  hundred  and  five  feet  above 
the  summit  of  the  falls,  and  thirtjtight  feet  above  Lake  ■ 
Erie,  The  indications  seem  to  be  conclusive  that  the 
waters  of  Lake  Erie  stood  thirty-eight  feet  higher  than  at 

I  present,  and  poured  over  the  bluff  at  Lewiston,  in  a'  series 
of  cascades,  three  hundred  and  seventy-two  feet,  to  the  sea, 

I  which  at  this  time  filled  the  basin  of  Lake  Ontario.    Dnr- 

ring  the  subsequent  ages,  the  mighty  stream  has  dug  a 
gorge  in  the  solid  rock,  which  is  seven  miles  long,  two  hun- 

l  dred  and  fifty  feet  deep,  and,  on  an  average  about  one  thou- 
sand feet  wide.  The  material  transported  from  this  gorge 
into  Lake  Ontario  is  over  three  hundred  and  forty  millions 
•  Exphnation  of  Fii/.  84. — The  diagram  ott  the  following  page  ia  in- 
tended to  illostrale  the  geological  position  of  Niugara  River  and  Falls,  and 
the  ancient  lake  levels  from  Lake  Ontario  to  Chicago.  The  vertical  scale 
is  560  teet  to  the  inch  ;  the  horisontal  scale  is  irregnlar.  The  diagram  is 
merely  a  secies  of  sections  around  the  hikes,  placed  end  to  end.  TTie  dipa 
of  the  strata  are  much  exaggerated.    The  two  portions  of  the  diagram 

I  join  each  other  along  the  line  □,  b,  c,  d,  etc.     The  ligiires  against  the  vef' 

I  tical  dotted  linea  show  the  heights  in  feet  abore  the  sea  of  the  prittM  !o   1 

■Wthich  the  lines  extend.  ^^-||— Hl^ 
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of  cubic  yards,  and  weighed  nearly  seven  1)1111008  of  tons. 
Tbe  time  consumed  in  the  execution  of  this  stupendous 
piece  of  engineering  may  be  roughly  calculated  from  the 
observed  rate  of  recession  of  the  falla.  In  1842  Professor 
Hall  executed  a  careful  trigonometrical  survey  of  the  shore- 
lines and  landmarks  of  the  falls.  In  1855,  twenty-three 
years  later,  M.  Marcou  made  careftil  re-examinations,  which 
he  reported  to  the  Geological  Society  of  France.  From 
these  data  it  appears  that  the  Canadian  Fall,  over  which 
the  largest  body  of  water  is  discharged,  has  receded,  by 
the  wearing  of  the  rocks,  to  the  extent  of  twelve  feet,  or  a 
little  more  than  six  inches  a  year.  With  this  clew,  we  de-' 
termine  that  the  time  required  for  the  excavation  of  the 
entire  distance  from  Lewiaton  ia  over  seventy  thousand 
years.  This  presumes  the  rate  of  recession  has  always 
been  the  same.  The  more  I  consider  this  subject  the  more 
I  am  impressed  with  a  conviction  that  the  rate  of  recession 
was  formerly  more  I'apid  than  during  the  last  one  hundred 
years,  I  am  willing  to  reduce  the  time  consumed  to  twen- 
ty thousand,  or  even  to  ten  thousand  years.  Geologists 
most  greedy  of  time  ought  to  be  satisfied  with  this  when  it 
is  considered  that  this  interi'al  is  but  the  unit  in  the  arith- 
metic which  calculates  the  time  consumed  in  the  revolu- 
tions of  the  globa.  Before  the  beginning  of  the  excavation 
of  the  great  gorge,  geological  agencies  had  strewed  the  sur- 
face with  drift-deposits,  some  of  which  had  been  transport- 
ed hundreds  of  miles.  Before  the  tran sport ati(jn  of  the 
drift,  the  basin  of  Lake  Ontario  had  been  scooped  out,  and 
the  vast  erosion  of  the  escarpment  at  Lewiston  had  been 
effected.  Before  the  period  of  the  erosion  was  that  of  the  I 
solidification  of  the  sediments ;  and  still  farther  back,  the 
incalculable  intervals  during  which  the  sediments  wen 
cumulating  five  miles  of  thickness.  At  the  commencement 
ae^eavatioa  of  the  gorge,  the  fauna  which  populated 
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ibe  region  was  easentially  the  same  as  iiow.  If,  in  an  in- 
terval of  twenty  or  even  of  ten  thousand  years,  little  per- 
ceptible change  has  taken  place  iii  the  populations  of  the 
globe,  how  vast  a  period  must  have  elapsed  during  the 
progresa  of  organic  mutations  which  have  twenty  times  re- 
sulted in  the  almost  complete  extinction  of  existing  forms, 
and  their  replacement  by  beings  of  other  types ! 

I  said  that  the  level  of  Lake  Erie  was  once  at  the  top  of 
the  heights  of  Lewiston,  thirty-eight  feet  above  its  present 
altitude.  This  elevation  submerged  the  flats  to  the  east 
and  west  of  the  Detroit  and  St.  Clair  Rivers,  and  united 
Lake  Erie  with  Lake  Huron  by  a  shallow  expanse  of  water, 
which  in  some  places  possessed  a  breadth  of  fifty  miles  or 
more.  Still  farther,  the  level  of  Lakes  Huron  and  Michigan 
was  raised  twenty-five  feet  above  their  present  altitude, 
and  a  portion  of  the  waters  of  the  upper  lakes  found  an 
outlet  from  Lake  Michigan  into  the  Des  Plaines  River,  and 
thence  into  the  Illinois  and  the  Alississtppt — if,  indeed,  a 
large  portion  of  the  prairie  region  of  Illinois  was  not  sub- 
merged by  such  an  altitude  of  the  lakes.  At  the  same  * 
time,  Saginaw  Bay  of  Lake  Huron  stretched  into  the  centre 
of  the  peninsula  of  Michigan. 

This  is  not  the  highest  altitude  at  which  the  watera  of 
the  lakes  have  stood,  though  the  barriew  which  dammed 
them  have  long  since  disappeared,  Along  the  southern 
borders  of  Lakes  Erie  and  Ontario,  the  rocks  arise  from 
their  m<ye  southei'n  depressions,  and  face  the  lakes  in  bold 
escarpments  three  hundred  and  fifty  feet  above  the  respect- 
ive levels  of  the  waters.  These  blufls  have  been  the  rocky 
shores  of  the  lower  lakes.  For  unnumbered  ages  the  furi- 
ous north  wind  has  rolled  mad  waves  against  those  ada- 
mantine walls,  and  battlement  after  battlement  has  tum- 
bled down  and  been  ground  to  powder  by  the  tireless  beat- 
ing of  the  stormy  surge.     Between  the  foot  of  the  mui-al 
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escarpment  and  the  present  margin  of  the  lake  is  a  eeries 
of  parallel  terraces,  each  showing  the  altitude  at  which  the 
reoeding  waters  have  made  a  pause.  These  terraces  along 
the  southern  shore  of  Lake  Erie  range  from  ninety  to  one 
hundred  and  twenty  feet  above  the  present  level  of  the 
water.  In  Huron  and  Sandusky  Counties  the  subsidence 
of  the  escarpment  permits  them  to  diverge  a  greater  dis- 
tance from  the  lake.  Curving  northward  into  Michigan, 
they  pass  through  Monroe,  Wayne,  and  Oakland  Counties, 
and  continue  in  that  direction.  They  are  recognized  again 
on  the  shores  of  Lake  Michigan, 

At  Mackinac  Island  are  deeply  engraved  records  of  a 
higher  level  of  the  watcre.  The  island  itself  is  but  a  vea- 
tige  of  an  ancient  formation  which  once  filled  the  straits, 
and  joined  the  highlands  on  the  west  and  south.  It  tow- 
era,  a  monument  of  the  deetnictive  agencies  of  geogony, 
three  hundred  and  eighteen  feet  above  the  lake.  The  prin- 
cipal plateau  of  the  island  is  one  hundred  and  fifty  feet 
,  above  the  lake.  In  the  midst  of  this  rises  "Sugar  Loaf,"  one 
hundred  and  thirty- 
four  feet  higher  (Fig, 
85).  This  ia  a  rem- 
nant of  the  rocks  form- 
ing the  upper  plateau 
which  once  extended 
over  the  whole  island. 
It  is  a  conical  mass  of 
brocciated  limestone, 
all  whose  sides  bear 
the  marks  of  the  long- 
continued  action  of 
the  waves.  On  one 
side  an  ancient  grotto 
has   thus   been   exca- 
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vated,  into  wbleh  the  sarge«  lure  roDed  witli  the  d 
ing  reverl^^ntioiH  of  a  ic»«nst  ^'pniguary.''  TW  pti»- 
cipalplateao  of  the  isbndis  United  at  neailj- all  pointfi  by^ 
an  abrupt  wall  dropfoi^  down  ibIo  the  deep  waters  of  tbe 
lalte.  Hen  is  a  beetling  cliS^  one  hniLdred  aiul  fortT-Sve 
feet  high,  called  "  LoTer's  Leap,"  connected  with  a  senti- 
mental  Indian  legend.  In  another  place  i^  "  Chintnejr 
Rock,"  one  hundred  and  thirty-one  feet  high,  and  in  an- 
wlher, " Robinson's  Follv."  At  "Arched  Rock"  (Fig.  86), 
on  the  eastern  side, 

dred  and  forty  feet 
above  tbe  lake,  the 
fierce  waves,  trnable 
to  reach  the  solid 
and  nnyielding 
brow  of  the  preci- 
pice,have  mined  be- 
neath it,  perforating 
the  limestone  wall ; 
and  a  natural 
bridge  bangs  there, 
with  one  end  rest- 
ing on  a  winged 
abutment  stretch- 
ing toward  the  lake» 
All  round  the  walls 
of  this  castellated 
and  chai'ming  isl- 
and the  recording 
waves  have  left 
their  hieroglyphs, 
fi-oni  the  water's 
edge  to  the  battle. 
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ments,  and  he  who  can  read  the  language  may  ponder  there 
the  vicissitudes  of  the  ages. 

While,  during  the  high  tides  of  the  lakes,  the  erosive 
waves  were  gnawing  at  the  rocks  of  Mackinac  and  Ohio, 
the  waters  of  Lake  Michigan,  in  a  quieter  mood,  were  per- 
forming a  work  equally  enduring  and  peculiar.  Here  we 
find  our  attention  challenged  by  the  question  of  prairie 
origin  and  prairie  features,  but  the  views  to  be  presented 
will  be  held  in  abeyance  until  a  chapter  on  a  subsidiary 
topic  shall  have  been  interposed. 

L2 
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CHAPTER  XXm. 

VrrAilTT   OP   BURIED   VE  GET  ABLE   GEEMS. 

T  VENTUpE  here  to  enuEciate  a  view  which  to  many 

may  appear  incredible.     For  some  y-ears  past  I  have 

a  inclined  to  believe  tbat  the  genus  of  vegetation  which 

Hiriahed  upon  onr  continent  previouB  to  the  reign  of  ice, 

i  many  of  which  must  have  been  buried  from  twenty  to 

J  hundred  feet  beneath  the  surface  of  the  glacial  rnb- 

jh,  may  have  retained  their  vitality  for  thousanda  of 

even  to  the  present  time.     There  are  not  a  few 

fcdications  that  vegetable  germs  are  capable  of  such  pres- 

iration,  and  not  a  few  that  they  thus  exist  in  the  ancient 

The  consequences  of  such  remarkable  preservation 

is  a  geological  unportance  so  novel  and  interesting 

^t  I  am  sure  the  reader  will  be  pleased  with  a  view  of 

e  facts  bearing  upon  the  doctrine. 

iMany  familiar  facts  may  be  cited  which  certainly  have 

Peignificance  far  greater  than  han  been  generally  suspect- 

l,  and  which  tend  to  show  that  the  seeds  of  vegetation 

ereposing'in  a  dormant  state  in  our  ordinary  soils  and 

^bsoils.     Nothing  is^a  more  common  obsei-vation  than  to 

|fe  plants  making  their  appearance  in  situations  where  the 

3  species  was  previously  unknown,  or  for  a  long  time 

mown,  and  under  circumstances  such  that  the  supposi- 

Q  of  a  recent  distribution  of  seeds  is  quite  precluded. 

I  The  sudden  appearance  of  unwonted  species  frequently 

Itenrs  wlien  a  change  is  produced  in  the  physical  condi- 

ptD  of  the  soil.     Left  to  Nature,  certain  perennial  grasses 

B  almost  exclusive  foothold  in  our  fields,  and  form  a 
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'Bod  in  wliich  the  ordinary  ancuala  are  unable  to  Soorigb. 

Break  up  tbe  sod  after  any  number  of  years,  and  subdue  the 

,   perennial  grasses,  and  we  shall  have  a  crop  of  annuals  tbe 

1  first  season — Veronicas,  Chenopodiums,  Euphorbias,  Por- 

I  tnlacaa,  Ambrosias,  Crab-grassee,  Foxtails,  Panicums,  etc. 

LCease  cultivation,  and  tbe  Poas  and  Glycerias  -will  imme- 

r  diatcly  resume  possession.     Similarly,  the  pertinacity  with 

I  which  the  common  knot-graas  seizes  and  maintains  its  po- 

iaition  only  along  the  hardest-beaten  footpaths  is  notorious, 

1  while  the  greater  plantain  renders  itself  no  less  conspicu- 

r  OUB  growing  alongside.     Eartli  thrown  out  of  cellars  and 

I  wells  is  generally  known  to  send  up  a  ready  crop  of  weeds, 

and,  not  unfrequently,  of  ppecics  previously  unknown  in 

that  spot.     In  all  these  cases,  after  allowing  for  all  known 

possibilities  of  the  distribution  of  seeds  by  winds,  birds, 

and  waters,  it  still  seems  probable  that  germs  must  have 

previously  existed  in  the  soiE. 

Similar  sudden  appearances  of  now  forma  take  plaoe 
when  a  change  is  effected  in  the  chemical  nature  of  the 
BoiL  UlustratioDs  are  familiar  to  every  agriculturist 
How  soon  does  a  dressing  of  uudecomposed  muck,  or 
peat,  or  sawdust  develop  a  crop  of  acid-loving  sorrel,  and 
I  ^ow  readily  is  it  again  repressed  by  a  dressing  of  some  al- 
kaline manure?  Let  the  waters  of  a  brine-well  saturate  a 
meadow,  and  how  long  before  we  witness  the  appearance 
of  the  maritime  Scirpva  and  Triglochin^  or  some  other  salt- 
loving  plant  whose  germa,  unless  apontaneously  developed, 
must  have  lain  dormant  at  a  greater  or  lesa  depth? 

Something  of  the  same  nature  is  witnessed  on  the  disap- 
.  pearance  of  dominant  species,  whether  through  the  agency 
of  man  or  the  processes  of  Nature,  It  is  well  known  that 
the  clearing  of  a  piece  of  forest  and  the  burning  of  the 
brush  is  almost  always  followed  by  the  appearance  of  cer- 
tain unwonted  plants  known  as  "  fire-woeda."     In  many 
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t  would  seem  highly  improbable  that  the  seeds  of 

lacb  plants  had  recently  been  transported  to  such  situa- 

i  at  the  moment  when  the  disappearing  forest  admits 

B  introdHCtion  of  the  conditions  essential  to  their  growth. 

'\  can  hardly  be  doubted  that  the  seeds  existed  in  the  soil, 

idy  to  germinate  whenever  free  sunlight,  warmth,  and 

;ric  air  should  be  permitted  to  rouse  their  latent 

■gy.     Of  the  same  nature  is  the  recurrence  of  par- 

wlar  forest  growths  upon  the  same  soil.     Not  unfrc- 

faently  the  second  growth  is  of  a  very  different  nature 

1  the  first.     In  the  "  old  fields"  of  Virginia  and  other 

Mithem  States,  the  soil,  cleared  originally  of  the  decidn- 

3  forest,  and  then  abandoned  after  years  of  continuous 

popping,  sends  up  a  growth  of  pines  instead  of  deciduous 

lu  some  parts  of  Southern  Ohio,  as  I  have  been  in- 

med,  a  forest  of  unmixed  locust-trees  follows  the  i^estruc- 

Jbn  of  the  ordinary  mixed  forest, 

\'i&r.  Marsh,  in  his  leai-ned  work  entitled  "Man  and  Nsr 
"  lias  quoted  from  Dwight's  "  Travels"  his  account  of 
i  appearance  of  a  fine  growth  of  hickory  on  lands  in 
Vermont  which  had  been  permitted  to  lie  waste,  when  no 
h  trees  were  known  in  the  primitive  forest  within  a  dis- 
ipce  of  fifty  miles.  He  quotes  also  Dr.  Dwight's  account, 
f  the  appearance  of  a  field  of  white  pines,  on  suspension 
(  cultivation,  in  the  midst  of  a  region  where  the  native 
towth  was  exclusively  of  angiosperraous  trees,  "The  fact 
lat  these  white  pines  covered  the  field  exactly,  so  as  to 
reserve  both  its  extent  and  figure,"  says  Dr.  Dwight, 
md  that  there  were  none  in  the  neighborhood,  ai-e  de- 
rive proofs  that  cultivation  brought  up  the  seeds  of  a 
prmer  forest  within  the  limits  of  vegetation,  and  gave 

1  an  opportunity  to  gerrain.ate." 
I  In  this  connection  may  be  quoted  a  statement  of  Darwin, 
"  The  Oricin  of  Species,"  to  the  efiect  that  in  the  midst 
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'  of  a  very  ateriie  teath  in  Staffordshire,  some  hundreds  of 
aoree  were  planted  with  Scotch  fir,  and,  after  twenty-five 
yeara,  not  less  than  twelve  species  of  plants  (not  counting 
I  grasses  and  sedges)  had  made  their  appearance  in  the  plan- 
tation of  firs,  "which  could  not  be  found  in  the  heath,"  and 
I  this  though  the  fir-forest  seems  To  have  been  visited  only 
by  insectii  orouB  bnds. 

The  existence  of  a  snccession  of  forests  of  different  pre- 
f  Vailing  spct'iea  has  boon  satisfactorily  established  in  Den- 
I  mark  by  the  researches  of  Steenstrup  on  the  Skovmose,  or 
I  forest-bogs  of  tliat  country.     These  bogs  are  from  twenty 
y  to  thirty  feet  in  depth,  and  the  remains  of  forest  trees  in 
I  successive  layers  prove  that  there  have  been  thi-ee  distinct 
periods  of  arborescent  vegetation  in  Denmark — first,  a  pe- 
riod of  the  pine ;  secondly,  a  period  of  the  oak ;  lastly,  a 
k  period  of  the  beech,  not  yet  arrived  at  its  culmination. 
I  The  dominant  species  of  each  period  flourished  to  the  en- 
I  tire  ejtclusion  of  the  other  two  species.     Ciesar  affiims  that 
I  tiie  I<hffits  (beech)  and  Abies  (fir)  were,  in  his  time,  want- 
in  England;  but  the  beech  is  now  plentiful;  and  Har- 
1  tells  us,  in  his  "Historicall  Description  of  the  Jland 
I  of  Sritaine^^  that  "  a  great  store  of  firre"  is  found  lying 
"at  their  whole  lengtW'  in  the  "fens  and  mari8es"of  Lan- 
(  cashtre  and  other  counties,  where  not  even  bnshes  grew  in 
us  time.     No  doubt  such  extinct  forests  have  flourished 
n  America,  even  since  the  Glacial  Epoch,  and  have  stocked 
I  the  accumulating  soils  with  their  stores  of  vitalized  frnit- 
I  age,  awaiting  some  future  resurrection  ;  and  no  doubt  the 
[■"fens  and  manses"  of  Lancashire,  under  suitable  circum- 
\  Stances,  would  reproduce  from  their  granaries  of  forest 
fruit  the   arboreal  vegetation  which  had  flourished  and 
\  disappeared  before  the  Roman  Conquest. 

Mr.  Marsh,  in  the  work  already  quoted,  piler  expressing 
g^ion  that  the  vitality  nf  seeds  "seems  almost  imper- 
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giable  while  they  remain  in  the  sitnation  ia  which  Na- 

;  deposits  them,"  proceeds  to  cite  numerous  instances 

I  which  one  crop  of  plants  has  disappeared  on  a  change 

t  conditions,  and  another,  of  different  nature,  lias  prompt- 

\  assumed  its  place,  originating  evidently  ii-om  seeds  pre- 

ftlBting  for  ages  in  the  sRl.    He  says,  "Earth  Lrought  up 

torn  wells  or  other  excavations  soon  produces  a  harvest 

f  plants  often  very  unlike  those  of  the  local  flora,"     He 

J  far  as  to  express  the  opinion  that  earth  ejecte'd 

^m  considerable  depths  by  a  eertaiji  earthquake  convul- 

1,  to  which  reference  is  made,  and  which  soon  became 

trered  with  vegetation  "  never  observed  in  that  region 

Irfbre,"  must  have  brought  with  it  the  seeds  from  which 

J  novel  vegetation  spraug,  under  "  the  influence  of  au- 

md  sun,  from  depths  where  a  previous  convulsion  had 

J  them  ages  before." 
\  From  snch  facts  as  those  which  have  been  cited,  it  seems 
i»  be  proven  that  the  seeds  of  plants  may  retain  their  vi- 
ulity  in  the  soil  and  subsoil  at  least  for  quite  a  number 
f  years.  The  facts  show  that  the  germs  exist  in  places 
B  have  no  knowledge  of  their  introduction,  and  in 
laces  where  they  could  not  probably  have  been  introduced 
ing  the  human  epoch.  Whence ^me  the  germs-  of  that 
jgetation  which  is  every  where  springing  up  in  situations 
>  which  recent  seeds  could  not  have  been  distributed  f 
^is  question  has  agitated  the  mind  of  many  an  inquirer 
iho  would  have  shrunk  from  the  solution  which  I  venture 

Let  us  examine  the  facts. 
I  The  vegetation  whicli  characterized  the  close  of  the  Tor- 
ch was  probably  nearly  identical  with  that  exist- 
j  at  the  present  day  under  the  same  climatic  conditions, 
Sven  in  the  ol^er  Tertiary  Lignites  we  have,  according  to 
^e  investigations  of  Lesquereux  and  Newberry,  the  re- 
ffiains  of  plants 'belonging  to  the  following  Amencan  gen- 
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f  era,  viz. :    Oak,  Hickory,  Poplar,  Maple,  Mulberry,  Horn- 
beam, Box-elder,  Laurel,  Bay,  Dogwood,  Sumac,  Olive, 
Buckthorn,  Magnolia,  Smilas:,  White  Cedar,  Sequoia,  Cy- 
press, and  Sabal,     These  identifications  have  been  made 
I  scanty  and  defective  material,  and  we  may  fairly 
presume  that  further  investigations  will  greatly  increase 
e  number.     Yet  these  plants,  belonging  probably  to  the 
sarbest  Cenozoic  Epoch,  show,  according  to  Lesquereux, 
e   greatest   affinity  with    species   of  our   own  time," 
m  other  beds  of  the  i^dle  or  earlier  Tertiary  we  have 
.  other  existing  genera,  such   as  Persim.mon,  Beech, 
ck  Gum,  Aristolochia,  etc.     The  facts  ill  our  possession 
elative  to  the  middle  and  later  Tertiary  Epochs  show  a 
t  decided  approximation  to  the  existing  flora.    From 
pleiocene  deposit  near  Somerville,  Tennessee,  Lesquereux 
[entified  the  following  recent  species,  viz. :  Carolina  Lau- 
el,  Carolina  Flam,  Myrtle-leaved  Oak,  and  Common  Beech, 
a  the  chalky  banks  of  the  Mississippi  River,  near  Co- 
BambuB,  Kentucky,  a  collection  was  made,  of  which  all  the 
ire  recent,  viz. :  Live  Oak,  Dwarf  Chestnut,  Winged 
1,  Gmehn's  Planer-tree,  Entire-leaved  Frinos,  New  Jei-- 
y  Tea,  Fecan,  Honey  Locust,  and  Sweet  Flag.     It  is  true 
Siat  Dr.  D.  D.  Owen  has  assigned  tlie  deposit  containing 
^ese  remains  to  the  Post-Tertiary  Age ;  but  their  position 
:a  one  hundred  and  twenty  feet  below  the  fomiginona  sands 
jontaining  the  boqps  of  the  extinct  sloth  Megalonyx  Jqff'er- 
ni;  and,  as  the  nature  of  these  species  is  incompatible 
rith  such  a  climate  as  we  universally  associate  with  the 
Qiacial  Epoch,  it  is  quite  likely  this  assemblage  of  vegeta- 
3  remains  represents  the  general  nature  of  the  arboreal   , 
ra  in  existence  near  the  close  of  the  Tertiary  Age.* 
•  Dr.  Newberry  has  shown  that  even  the  Cretaceoas  flora  of  Nortli 
[L  was  Tery  Bimilar  to  that  now  existing. — Amer.  Jour.  Sa.  mid 
s  [H],  xxix.,  215  et  uq.     See  also  Lesquereux's  determinationa. — 
"   T.  Sci.  and  Arl„  [9],  xlv.,  p.  104,  and  xlrii.,  p.  280. 
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Although  our  positive  knowledge  of  the  vegetation  of 
the  period  immediately  preceding  the  advent  of  the  reign 
of  ice  is  confessedly  meagre,  it  is  certain  that  all  the  facts 
in  our  possession  point  to  close  specific  correspondence 
with  the  modern  vegetation  of  the  same  regions,  modified, 
certainly,  by  the  fjrct  that  even  in  the  latest  Tertiary  the 
climate  was  considerably  warmer  than  in  the  same  lati- 
tudes at  the  present  day. 

All  the  luxuriant  vegetation  which  flourished  at  the 
close  of  the  Tertiary  was  und(|^btedly  swept  off  by  the 
events  which  characterized  the  reign  of  ice,  and,  as  has 
been  already  stated,  the  ruins  of  this  vegetation  were  en- 
tombed in  the  rocky  debris  created  by  the  moving  glacier. 
Tlie  drift  deposits  became  the  vast  granary  in  which  Na- 
ture preserved  her  store  of  seeds  through  the  long  rigors 
of  a  geological  winter. 

But  what  evidences  have  we  that  the  seeds  of  plants  are 
capable  of  retaining  their  vitality  through  a  geological  pe- 
riod? 

The  ordinary  process  of  destruction  of  vegetable  tissues 
is  merely  an  oxydation  of  the  carbon  and  hydrogen  enter- 
ing into  their  constitution,  I  seriously  doubt  whether  the 
requisite  conditions  for  such  oxydation  exist  at  considera- 
ble depths  in  the  soil.  Mr.  Jabez  Hayden,  of  Windsor 
Locks,  Connecticut,  has  a  small  quantity  of  coni,  which  is 
part  of  a  bushel  or  more  uncovered  by^he  breaking  away 
of  the  banks  of  the  Connecticut  River,  a  little  above  the 
mouth  of  the  Farmington,  not  many  years  since.  It  prob- 
ably dates  back  prior  to  the  settlement  of  Windsor  in  1635. 
The  kernels  had  been  charred  and  buried  below  the  ordi- 
nary depths  of  cultivation  {StUes^s  Hist,  Ancient  Windsor^ 
p.  8J). 

It  is  stated  that  the  piles  sustaining  the  "  London  Bridge" 
have  been  driven  five  hundred  years,  and  are  still  compar- 
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.atively  sound.  Old  Savoy  Place,  in  the  city  of  London,  is 
suBtained  on  piles  driven  more  than  six  hundred  and  fifty 
years  ago,  and  they  are  yet  perfectly  souud.  The  ancient 
and  historic  city  of  Venice  consists  of  brick  and  stone 
structures  resting  upon  wooden  piles  which  were  driven  in 
the  seventh  and  eighth  centuries.  One  of  the  piles  taken 
up  from  the  bridge  built  by  the  Emperor  Trajan  across  the 
Danube  was  found  petrified  to  the  depth  of  three  quartei-s 
of  an  inch,  while  the  remainder  of  the  substance  was  un- 
changed after  an  interval  of  sixteen  hundred  years.  The 
timber  mauI-bandles,  shovels,  and  other  wooden  imple- 
ments found  in  the  ancient  mines  of  Lake  Snperior  still  re- 
main ill  a  good  state  of  preservation  in  cases  where  they 
have  been  immersed  in  water ;  and  the  wheels  employed  in 
draining  some  of  the  ancient  Roman  mines  in  Spain  are 
represented  to  be  in  a  perfect  state  of  preservatioa  after 
the  lapse  of  fourteen  hundred  and  fifty  years.  The  ancient 
piles  in  the  lake  habitations  of  Central  Europe  retain  a  re- 
markable degree  of  soundness,  though  driven  before  the 
epoch  of  written  history. 

Passing  beyond  the  range  of  hnraan  records,  we  remark 
the  existence,  along  the  Atlantic  bordei's  of  New  Jersey, 
of  extensive  buried  swamps,  in  which  the  trunks  of  the 
white  cedar  (Cupressus  (A?/oj£/e«,  not  the  "White  Cedar"  of 
the  West)  are  found  in  such  a  state  of  preservation  that 
the  inhabitants  work  them  up  for  lumber.  So  extensive 
are  these  deposits  of  buried  tree-trunks  that  the  "  mining 
of  timber"  has  long  been  a  prominent  branch  of  business 
along  some  parts  of  the  beach  (Fig.  8T).  Tliey  lie  from 
two  to  fifteen  feet  beneath  the  surface.  We  may  form 
some  conjecture  In  reference  to  the  antiquity  of  these  fossil 
cedar  swamps  from  the  age  of  the  trees  which  have  evi-  ' 
dently  grown  upog  spots  that  had  been  occupied  by  still 
earlier  generations  of  trees.     Professor  Cook  informs  us 
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down  before  the  auperincumbeiit  tree  had  commenced  its 
growth.  In  otber  inatancea,  the  relative  positions  of  trees 
and  stumps  are  such  that  we  are  compelled  to  asaign  to 
perfectly  sound  timber,  retaining  even  its  characteristic  ai> 
omatic  odor,  an  antiqitity  of  hnndrefls  and  even  of  thou- 
sands of  years.  (See  Cook,  Greology  of  New  Jersey,  1868, 
p.  343,  etc. ;  Lyell,  Second  Visit  to  the  United  States,  vol 
i.,p.34.) 

Buried  tree-trunks  are  often  exhumed  from  glacial  drift 
at  the  depth  of  twenty  to  sixty  feet  from  the  surfece.  Dr. 
Locke  has  pubbsbed  an  account  of  a  mass  of  buried  drift- 
w»d  at  Salem,  Ohio,  fifteen  miles  north  of  Dayton,  where 
it  lies  from  thirty-seven  to  forty-three  feet  beneath  the  sur- 
face, imbedded  in  a  layer  of  ancient  mad.  The  muaeum  of 
the  University  of  Michigan  contains  several  fragments  of 
well-preserved  tree-trunks  exhnmed  from  wells  in  the  vicin- 
ity of  Ann  Arbor,  Such  occurrences  are  by  no  means  un- 
common. The  encroachments  of  the  waves  upon  the 
shorea  of  the  "  great  lakes"  reveal  whole  forests  of  the 
buried  trunks  of  the  White  Cedar  {Thvja  oecidentalis), 
bearing  scarcely  a  trace  of  the  work  of  destructive  agencies 
upon  them. 

Unaltered  vegetable  structures  have  been  found  in  geo- 
logical deposits  of  even  higher  antiquity.  It  ia  known  that 
well-preserved  woody  tissue  has  been  frequently  exhumed 
from  deposits  ofTertiaty,  and  even  of  greater  age,  I  am 
in  possession  of  pieces  of  drift-wood  from  the  Cretaceous 
sanJfe  of  Alabama,  in  which  the  bgneous  tissue  is  so  fully 
preserved  as  to  be  capable  of  ignition,  like  recent  wood. 
Even  from  the  Coal  Measures  of  Michigan  I  have  made 
preparations  of  the  debcate  tiasues  of  the  fronds  of  so- 
called  Scale-mosses  (Junffermaumacew) ;  and  from  the  coal 
mines,  of  Lasalle,  in  Illinois,  I  have  collected  specimena  of 
exogenous  wood  of  a  brown  color  and  not  yet  carbonized, 
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(tough  partially  pyritiy.ed.     All  tUese   esaraples  tend  to 

diow  the  extreme  slowneaa  of  the  process  of  decay  in  ordi- 

i^egetable  tissues  when  excluded  from  the  usual  con- 

Bitious  of  decay  by  burial  in  the  earth. 

I   The  oily  tissues  iff  which  seeds  are  composed  are  Btill 

B  capable  of  i-esisting  the  tendency  to  dissolution,  and 

knght  certainly  to  remain  unchanged,  under  circumstances 

fchich  permit  such  perfect  preservation  of  ordinary  ligneous 

e.     The  evidences  are  very  conclusive  that  the  seeds  of 

inary  vegetation  may  lie  dormant  in  the  surface-soil  for 

t»lf  a  dozen  or  a  dozen  years.     The  seeds  of  the  varions 

p  fire-weeds"  which  spring  up  on  a  forest  clearing  aftergbe 

nmsh  has  been  burned  off,  must  have  reposed  in  a  latent 

btate  during  the  existence  of  tlie  forest  whose  disappear- 

B  is  the  signal  for  the  resumption  of  their  vital  activity. 

:  same  is  true  of  the  seeds  of  the  "old  field-pines,"  which 

lave  probably  lain  for  an  age  or  more,  awaiting  the  matn- 

fity  and  destruction  of  the  deciduous  forest  which  usurped 

e  soil.    How  many  ages  may  they  have  lain  there  ?    How 

Ipany  more  might  they  have  Iain,  and  still  been  found  ready 

Jbr  the  first  opportunity  to  seize  a  foothold?  ' 

There  are  some  facts  in  onr  possession  which  are  still 

lore  specific.     It  is  well  known  that  Dr.  Lindley  raised 

ihree  raspberry  plants  from  seeds  discovered  in  the  stom- 

ieh  of  a  man  whose  skeleton  was  found  thirty  feet  below 

the  surface  of  the  earth,  at  the  bottom  of  a  barrow  or  bu- 

&l-mound  which  was  opened  near  Dorchester,  England. 

7fi\h  the  body  had  been  buried  some  coins  of  the  Emfieror 

Tadrian,  from  which  we  are  justified  in  assuming  that  these 

seeds  had  retained  their  vitality  for  the  space  of  sixteen  or 

leventeen  hundred  years.     If  they  remained  undamaged 

that  length  of  time,  their  condition  was  practically  fixed; 

ind  who  shall  say  that  ten  thousand  years  would  have  pro- 

Sluced  a  greater  effect  ? 
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■ 

Again :  Lord  Lindsay  states  that,  in  the  course  of  his 
wanderings  amid  the  pyramids  of  Egypt,  he  stumbled  on 
a  mummy  proved  by  its  hieroglyphs  to  be  at  least  two 
thousand  years  of  age.  On  examining  the  mummy  after 
it  was  unwrapped,  he  found  in  one  of  its  closed  hands  a 
bulb,  which,  when  planted  in  a  suitable  situation,  grew  and 
bloomed  in  a  beautiful  dahlia.  The  credibility  of  this  story 
is  very  questionable,  since  the  real  dahlia  is  a  tuberous-root- 
ed Mexican  genus,  not  known  to  botanists  till  the  year  1 789. 
That  a  bulb  of  any  sort  germinated  under  the  circumstances 
alleged  is  highly  improbable,  since  the  charactenstic  of  the 
surroundings  of  a  mummy  is  perfect  dryness,  which  would 
completely  change  and  devitalize  the  tissues  of  a  bud-like 
bulb.  It  is,  however,  more  credibly  asserted,  and  general- 
ly believed,  that  wheat  is  now  growing  in  England  which 
was  derived  from  grains  folded  in  the  wrappings  of  Egyp- 
tian mummies,  where  they  must  have  lain  for  two  or  three 
thousand  years.  Professor  Gray,  the  eminent  American 
botanist,  does  not  fully  credit  the  account,  but  Dr.  Carpen- 
ter, the  distinguished  English  physiologist  and  naturalist, 
gives  it  his  full  indorsement.* 

Professor  Agassiz  asserts  that  "  there  are  some  well-au- 
thenticated cases  in  which  wheat  taken  from  the  ancient 
catacombs  of  Egypt  has  been  made  to  sprout  and  grow." 
Dr.  Carpenter  even  goes  so  far  in  this  connection  as  to  give 
utterance  to  the  following  observations,  which  happen  to 
be  extremely  pertinent  in  the  present  instance : 

"  These  facts  make  it  evident,"  he  says,  "  that  there  is 
really  no  limit  to  the  duration  of  this  condition  (latent  vi- 
tality), and  that  when  a  seed  hfts  been  preserved  for  ten 
years,  it  may  be  for  a  hundred,  a  thousand,  or  ten  thou- 

*  On  this  subject  and  the  longevity  of  seeds  in  general,  see  Report  of 
the  Commissioner  of  Patents  for  1857,  Agriculture,  p.  2r)(>  (condensed 
from  the  Gardener's  Chronicle,  London). 
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sand,  provided  no  change  of  circnmstances  either  exposes 
it  to  decay  or  calls  its  vital  properties  into  activity.  Hence, 
where  seeds  have  been  buried  deep  in  the  earth,  not  by  hu- 
man agency,  but  by  some  geological  change,  it  is  impossi- 
ble to  say  how  long  anterioriy  to  the  creation  of  man  they 
may  have  been  produced  and  buried,  as  in  the  following 
curious  instance :  Some  well-diggers  in  a  town  on  the  Pe- 
nobscot River,  in  the  State  of  Maine,  about  forty  miles  from 
the  sea,  came,  at  a  depth  of  about  twenty  feet,  upon  a  stra- 
tum of  sand.  This  strongly  excited  their  curiosity  and  in- 
terest, from  the  circumstance  that  no  similar  sand  was  to 
be  found  any  where  in  the  neighborhood,  and  that  none 
like  it  was  nearer  than  the  sea-beach.  As  it  was  drawn 
up  from  the  well  it  was  placed  in  a  pile  by  itself,  an  un- 
willingness having  been  felt  to  mix  it  with  the  stones  and 
gravel  which  were  also  drawn  up.  But  when  the  work 
was  about  to  be  finished,  and  the  pile  of  stones  and  gravel 
to  be  removed,  it  was  necessary  also  to  remove  the  sand- 
heap.  This,  therefore,  was  scattered  about  the  spot  on 
which  it  had  been  formed,  and  was  for  some  time  scarcely 
remembered.  In  a  year  or  two,  however,  it  was  perceived 
that  a  number  of  small  trees  had  sprung  from  the  ground 
over  which  the  heap  of  sand  had  been  strewn.  These  trees 
became,  in  their  turn,  objects  of  strong  interest,  and  care 
was  taken  that  no  injury  should  come  to  them.  At  length 
it  was  ascertained  that  they  were  Beach-plum-trees ;  and 
they  actually  bore  the  Beach -plum,  which  had  never  been 
seen  ei^cept  immediately  upon  the  sea -shore.  The  trees 
had  therefore  sprung  from  seeds  which  were  in  the  stra- 
tum of  sea-sand  that  had  been  pierced  by  the  well -dig- 
gers." It  can  not  be  doubted,  as  Carpenter  concludes, 
that  the  seeds  of  the  Beach-plum  had  lain  buried  since  the 
remote  period  when  that  part  of  the  state  was  the  shore 
of  the  slowly-receding  sea. 
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Such  a  fact,  so  striking  and  so  circumstantially  riM'onli'd, 
is  only  of  the  same  nature  as  others  less  critit-iilly  n«»t<Ml, 
which  daily  pass  before  our  eyes  in  the  uj)Si)rinLrini;  of 
ve^i^etable  forms  from  the  diluvial  materials  thrown  y>\\\  of 
wells,  cellars,  and  other  excavations.         • 

The  bones,  the  hair,  and  even  the  flesh  of  the  extinct 
mammoth  have  been  preserved  in  glacial  deposits  on  the 
shores  of  Siberia.  In  so  complete  a  state  of  preservation 
has  the  flesh  been  found,  that  dogs  and  bears  greedily  <le- 
voured  it.  If  a  material  so  perishable  as  muscular  fibre 
could  be  preserved  since  an  epoch  which  antetlates  au- 
thentic history,  is  it  not  more  probable  that  the  oily  tis- 
sues of  vegetable  seeds  could  resist  the  tendency  to  decay 
under  similar  circumstances  ? 

It  must  be  confessed  that  the  crucial  observation  is  vet 
to  be  made.  If  vegetable  germs  exist  in  the  dnft,  tliey 
can  be  discovered  beforehand.     I  am  not  aware  that  anv 

• 

thorough  search  has  ever  been  made  for  them ;  but,  until 
they  have  been  actually  detected,  it  is  probable  that  even 
the  convincing  facts  cited  above  will  fail  to  secure  univer- 
sal assent  to  the  doctrine  of  the  prolonged  vitality  of  the 
se^ds  of  pre-glacial  vegetation.  Wliile,  however,  tlie  cast* 
is  far  from  demonstrated,  it  may  fairly  be  submitted  tliat 
the  explanation  of  certain  facts  afforded  by  this  theory  is 
less  presumptuous  and  improbable  than  the  supposition 
of  spontaneous  generation,  the  fortuitous  distribution  of 
seeds  by  any  modern  agency,  or  any  other  exj^lanation 
that  has  yet  been  offered. 
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sand,  provided  no  change  of  circumstances  either  exposes 
it  to  decay  or  calls  its  vital  properties  into  activity.  Hence, 
where  seeds  have  been  buried  deep  in  the  earth,  not  by  hu- 
man agency,  but  by  some  geological  change,  it  is  impossi- 
ble to  say  how  long  anteriorly  to  the  creation  of  man  they 
may  have  been  produced  and  buried,  as  in  the  following 
curious  instance :  Some  well-diggers  in  a  town  on  the  Pe- 
nobscot River,  in  the  State  of  Maine,  about  forty  miles  from 
the  sea,  came,  at  a  depth  of  about  twenty  feet,  upon  a  stra- 
tum of  sand.  This  strongly  excited  their  curiosity  and  in- 
terest, from  the  circumstance  that  no  similar  sand  was  to 
be  found  any  where  in  the  neighborhood,  and  that  none 
like  it  was  nearer  than  the  sea-beach.  As  it  was  drawn 
Up  from  the  well  it  was  placed  in  a  pile  by  itself,  an  un- 
willingness having  been  felt  to  mix  it  with  the  stones  and 
gravel  which  were  also  drawn  up.  But  when  the  work 
was  about  to  be  finished,  and  the  pile  of  stones  and  gravel 
to  be  removed,  it  was  necessary  also  to  remove  the  sand- 
heap.  This,  therefore,  was  scattered  about  the  spot  on 
which  it  had  been  formed,  and  was  for  some  time  scarcely 
remembered.  In  a  year  or  two,  however,  it  was  perceived 
that  a  number  of  small  trees  had  sprung  from  the  ground 
over  which  the  heap  of  sand  had  been  strewn.  These  trees 
became,  in  their  turn,  objects  of  strong  interest,  and  care 
was  taken  that  no  injury  should  come  to  them.  At  length 
it  was  ascertained  that  they  were  Beach-plum-trees ;  and 
they  actually  bore  the  Beach -plum,  which  had  never  been 
seen  eifcept  immediately  upon  the  sea -shore.  The  trees 
had  therefore  sprung  from  seeds  which  were  in  the  stra- 
tum of  sea-sand  that  had  been  pierced  by  the  well -dig- 
gers." It  can  not  be  doubted,  as  Carpenter  concludes, 
that  the  seeds  of  the  Beach-plum  had  lain  buried  since  the 
remote  period  when  that  part  of  the  state  was  the  shore 
of  the  slowly-receding  sea. 
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•    CHAPTER  XXIV. 

rHAIEIES   AND  TriEIK  TEEELE8SSESS, 

T^IIE  prairies  of  the  Mississ-ippi  Valley,  especially  those 
-*-  lying  within  the  limits  of  the  great  State  of  Illinois, 
constitnte  one  of  the  most  remarkable  features  of  North 
American  topography.  Hundreds  of  thousands  of  acres, 
stretching  through  all  the  ccnti-al  and  we  stern,  portions  of 
the  state,  present  a  scene  ofalmost  unbroken  level  andtree- 
1  lessness.  The  great  pratrifs  are  neither  a  perfect  plain,  nor 
in  all  cases  completely  undiversified  with  arboreal  vegeta- 
tion. The  surface  is  generally  undulating ;  and  here  and 
there  rise  gravelly  knolls  and  ridges  on  which  the  timber 
has  obtained  a  foothold.  But  these  wooded  spots  are  often 
many  miles  apart,  and  scarcely  serve  to  rest  the  eye, 
wearied  with  the  monotony  of  an  interminable  clearing, 
fenceless  meadows,  and  imshdltered  farm-houses. 

The  traveler,  leaving  Chicago  by  one  of  the  great  south- 
ern routes — for  instance,  the  Chicago,  Alton,  and  St.  Louis 
Railway— passes  out  through  the  muddy  and  straggling 
outskirts  of  the  Western  metropolis,  and,  ere  he  has  thought 
of  the  great  prairies  throtigh  which  he  had  expected  to  pass, 
he  finds  himself  at  sea.  Looking  from  his  car-window,  the 
country  landscape  seems  at  first  to  be  entirely  wanting. 
One  feels  as  if  passing  over  a  trellis-bridge  three  hundred 
feet  above  the  sun'ounding  region.  The  customary  objects 
— forests,  shade-trees,  fences,  houses,  distant  hills — which 
elsewhere  lift  themselves  to  the  horizontal  plane  of  the  eye, 
are  not  here.  The  traveler  must  make  the  second  efforl, 
and  look  down  upon  the  level  of  the  country  upon  whose 
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■jbosom  he  has  laanched.     The  Bensation  is  that  which  one 
lexperienccB  in  going  to  sea.     The  rattling  ti'ain  is  easily 
Itrausfonned  into  the  puffing  and  creaking  steam-ship,  while 
3  interminable  prairie,  mingling  its  distant  and  softened 
jreen  with  the  subdued  azure  of  the  summer  sky,  can  be 
ikened  to  nothing  but  the  ocean's  boundless  expanse.    The 
[«ver-recurring  undulation  of  the  prairie  is  the  grand  ocean- 
well  which  utters  perpetually  a  reminiscence  of  the  last 
latorm,  while  the  evening  sun,  with  dimmed  lustre,  settles 
wn  into  the  prairie's  green  sod,  as  to  the  mariner  he  sinks 
Into  the  emerald  bosom  of  the  sea. 
Elinois  has  been  styled  the  garden  state  of  the  West. 
3ie  deep,  rich,  pulverulent  soil  of  the  upland  prairie,  and 
BBpecially  its  readiness  for  the  plow,  without  the  interven-" 
|tion  of  a  year's  hard  labor  in  opening  a  clearing,  have  al- 
ways constituted  poweriiil  attractions  for  the  settler  from 
the  stony  soils  of  New  England,  and  the  wooded  regions 
f  the  other  states.     It  is  extremely  doubtful,  however, 
whether  the  absence  of  forests  over  the  areaoflftlf  a  state 
assesses  a  balance  of  advantages.     Forests  possess  im- 
lense  utilities  in  addition  to  furnishing  lumber  and  fuel, 
liis  discovery  was  long  since  made  in  the  denuded  regions 
»f  the  older  European  countries ;  and  Americans  are  talking 
wt  times  as  if  they  were  growing  wiser.     Even  the  cobble- 
of  a  New  England  or  New  York  soil  are  not  unmit- 
igated inconveniences.     During  the  day  they  absorb  the 
warmth  of  the  sun,  and  at  night  they  retain  it  and  impart 
b  to  the  soil.     In  times  of  drought  they  screen  the  soil 
from  the  direct  rays  of  the  sun,  and  thus  moderate  the  in- 
fctensity  of  the  heat.     They  diminish  the  evaporating  snr- 
Pface  of  the  soil,  and  thus  diminish  the  effects  of  continued 
■droughts.     A  loose  stone  is  a  shade ;  but,  unlike  a  tree,  it 
has  no  roots  of  its  own  to  creep  about  and  steal  the  i> 
are  ^m  weaker  forma  of  vegetation.     A  few  etoneBd 
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I  diminish  materially  the  amoirat  of  soil  upon  an  acre ;  and, 
rwith  the  benefits  which  they  confer,  it  is  doubtful  whether 
I  they  are  not  actually  to  be  desired,  especially  in  regions 
.subject  to  drought.  A  field  will  produce  no  more  grain 
I  with  the  stones  picked  out  than  with  the  stones  left  in. 

From  our  earliest  knowledge  of  the  prairies,  speculation 
iJias  been  rife  as  to  their  origin.  The  old  and  popular  be- 
I'lief  was  that  which  attributed  their  treelessness  to  the  an- 
Imial  burning  of  the  grass  by  the  Indians.  But  the  prairies 
I  present  other  phenomena  which  the  annual  burning  fails  to 
Kexplain.  Besides,  the  treelessness  I'emains  in  regions  where 
1  the  burnings  have  ceased,  And,laatly,  the  treeless  prairies 
I  were  not  the  only  regions  burned  by  the  Indians,  And  if 
y  were,  it  seems  more  likely  that  the  Indian  burned  the 
k  grasses  because  the  region  was  treeless,  than  that  the 
fgion  became  treeless  from  the  burning  of  such  vegetation 
ts  flourishes  in  the  shade  of  a  forest. 
It  has  sometimes  been  suggested  that  the  region  was 
I  originally  forest-covered,  and  that  the  southern  cane  flour- 
1  ished  in  such  luxuriance  amongst  the  trees  as  to  rob  them 
\  of  their  moisture  and  nourishment,  and  thus  cause  their  ex- 
I  tinction.  The  cane,  having  deprived  itself  of  the  protecting 
rshade  of  the  forest,  was  in  turn  scorched  out  by  the  rays 
I  of  the  summer  sun.  This  theory  la  every  way  unsatisfac- 
Itory, 

With  others,  the  absence  of  trees  is  to  be  attributed  to 

the  dryness  of  the  atmosphere— and  consequently  of  the 

I  soil — at  certain  seasons  of  the  year.    It  can  not  be  doubted 

1  that  the  treeless  plams  of  tbe  far  West,  and  also  other  re- 

I  gions,  have  failed  to  produce  arboreal  growths  through  an 

insuificient  supply  of  moisture.     Still  other  treeless  regions 

are  such  from  an  excess  of  saline  constitnents  in  the  soil. 

But  all  such  regions  have  nothing  in  common  with  the 

[  prairies  of  Dlinois  except  tlieir  treelesBuess.     The  to|tog- 
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tftphy  and  soil-constitution  of  the  IHinoia  prairies  points 
to  a  different  and  a  peculiar  history.  Moreover,  trees  oc- 
eapy  tho  drier  knolls  of  the  prairies  in  the  midst  of  the 
common  atmospheric  conditiona,     ■ 

Exactly  the  revei'se  of  this  theory  is  that  which  attrib- 
utes the  absence  of  trees  to  an  bkccsb  of  moisture  in  the 
soil  at  certain  aeasone.  But  we  well  know  that  there  is  no 
soil  or  sitnation  so  wet  and  stagnant  but  certain  trees  will 
flourish  upon  it — the  willow,  the  cottonwood,  tbe  beech, 
the  black  ash,  the  alder,  the  cypress,  the  tupelo,  the  water- 
oak,  the  tamarack,  the  American  arbor-vitje,  or  some  other 
tree — some  of  them  standing  joyously  half  the  year,  if  need 
be,  in  stagnant  water.  Many  swales  are  indeed  treeless ; 
but  is  this  in  consequence  of  the  inability  of  a  willow  to 
take  root  and  maintain  itself,  or  rather  in  consequence  of 
the  foimation  of  the  swale  in  times  so  recent  that  the 
germs  of  trees  have  not  yet  been  scattered  over  it  ?  More- 
over, wetness  can  not  be  attributed  to  many  portions  of  the 
Ulinois  praiiies  which  are  entirely  treeless.  Is  there  a  dif- 
ferent cause  for  treelesaness  here  ? 

Lastly,  it  has  been  suggested  within  a  few  years,  by  high 
geological  authority,  that  the  lack  of  trees  is  caused  by  ex- 
eessive  fineness  of  the  prairie  soil.  It  can  scarcely  be  de- 
nied, however,  that  other  soils,  as  pulverulent  as  that  of  the 
prairies,  are  densely  covered  with  forest  vegetation,  and 
that  in  the  same  latitudes  and  under  the  same  meteoro- 
logical conditions.  On  the  other  hand,  certain  soils  of  a 
coarser  texture  are  equally  treeless.  But  the  final  objec- 
tion to  this  theory,  and  to  all  theories  which  look  to  the 
physical  or  chemical  condition  of  the  soil,  or  even  to  cli- 
matic peculiarities,  for  an  explanation  of  the  treeless  char- 
acter of  the  upland  prairies  of  the  Mississippi  Valley,  is  dis- 
covered in  the  fact  that  trees  will  grow  on  them  when  once 
introduced — not  water-loviq[^H|mi||^|^;,  but  ever- 
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greens,  deoidaouB  forest-trees,  and  fiiut-trees,  saoh  as  floixr^ 
ish  in  all  the  arable  and  habitable  portions  of  onr  Toonntry. 
Every  one  will  now  admit  that  trees  floniish  upon  the 
prairies.  In  proof  of  the  &ct,  the  prairie  fiunners  are  ao* 
tively  engaged  in  their  introduction.  "The  prairies  ♦  *  *,•* 
says  Gerhard,*  "may  be  eaisily  converted  into  wooded  land 
by  destroying  with  the  plow  the  tough  sward  which  has 
formed  itself  on  them.  There  are  large  tracts  of  country 
where,  a  number  of  years  ago,  the  ftrmers  mowed  th^ 
hay,  that  are  now  covered  with  a  forest  of  young,  rapidly- 
growing  timber.  *  *  *  A  resident  of  Adams  County  testi- 
fies to  the  effect  that  locust-trees  planted,  or,  rather,  sown 
on  prairie  land  near  Quincy,  attained  in  four  years  a  height 
of  twenty-five  feet,  and  their  trunks  a  diameter  of  fi^xu  tour 
to  five  inches.  *  *  *  In  like  manner,  the  uplands  of  St.  Louis 
County,  Missouri,  which  were  in  1823  principally  prairie 
lands,  are  now  covered  with  a  growth  of  fine  and  thrifty 
timber,  so  that  it  would  be  diflSicult  to  find  an  acre  of  prai- 
rie in  the  county."  This  testimony  is  confirmed  by  num- 
bers of  persons  from  various  parts  of  the  state  whom  I 
have  questioned  on  the  subject.  The  introduction  of  tim- 
ber as  a  branch  of  rural  industry  is  now  systematically 
pursued.  The  principal  drawback  to  the  cultivation  of 
forests  and  fruit-trees  is  the  violence  of  the  prairie  winds 
and  the  occasional  severity  of  the  wintry  weather. 

If  what  I  have  suggested  in  reference  to  the  persistent 
vitality  of  buried  vegetable  germs  be  true,  we  have  a 
ready,  simple,  and  beautiful  solution  of  this  long-vexed 
problem. 

There  are  pretty  satisfactory  evidences  that  the  soil  of 
the  prairies  is  of  lacustrine  origin.   It  has  the  fineness,  color, 

*  Illinois  as  it  Is,  p.  277.     Compare  also  Wells's  Amer.  Jour,  Set,  and 
Arts,  i.,  331 ;  Engelmann,  Ibid,  [2],  xxxvi.,  389 ;  Edwards's  Eept,  DepU 
o/Affric, ,  I  ^&i,  p.  495. 
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and  vegetable  conatituents  of  a  soil  accumulated  upon  a 
lake-bottom.  We  find  in  it,  moreover,  abundant  fossil  re- 
mains  of  a  lacustrine  character.  Fresh-water  shells  of 
species  still  existing  in  Lake  Michigan  are  found  in  locali- 
ticB  many  miles  from  the  existing  shore.  Finally, we  have, 
found  all  around  the  chain  of  the  great  lakes  abundant 
proofs  that  their  waters  once  occupied  a  much  higher  level 
than  at  present.  We  have  discovered  the  obstacle  which 
dammed  the  waters  to  this  extraordinary  height.  In  short, 
we  have  ascertained  that  the  prairie  region  of  Illinois  must 
haoe  been  a  long  time  innodated,  whether  snch  inundation 
contributed  to  the  characteristics  of  the  prairies  or  not.  I 
think  it  did.  If  I  ascertain  that  the  cause  for  an  inunda- 
tion exists ;  if  I  see  the  traces  of  an  inundation  all  the  way 
from  Niagara  River  to  Illinois;  if  the  barrier  which  shuts 
out  Illinois  from  the  lake  is  not  one  third  the  height  of  the 
■lucient  lake-flood ;  if  I  find  tlii-oughout  the  region  exposed 
to  inundation  the  peculiar  soil  deposited  by  fresh  waters, 
together  with  traces  of  lacusti-ine  animals  which  never 
wander  over  land,  do  I  not  discover  a  chain  of  facts  which 
necessitates  my  conclusion?  Dnring  the  flood-tide  of  the 
lakes,  Lake  Michigan  must  have  found  an  outlet  toward 
the  south.  We  find  corroboration  of  this.  The  broad, 
and  deep,  and  bUifi'-lined  valley  of  the  lihnois  River  was 
never  excavated  by  the  present  inconsiderable  stream. 
The  deserted  river  valley  discoverable  at  intervals  far- 
ther north,  indicates  the  former  southward  flow  of  a  large 
volume  of  water.  At  Leraont  this  valley  is  distinct,  with 
its  bounding  blufls,  and  its  "  pot-holes"  worn  in  the  solid 
rock  of  the  ancient  river-bed.  Tliis  was  the  work  of  the 
lake  in  its  declining  stages.  At  the  earlier  period,  when 
the  waters  of  Lake  Michigan  stood  one  or  two  hundred 
feet  above  their  present  level,  how  much  of  the  region 
■outh  and  west  of  Chioj^o  mast  have  been  submerged? 
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Till*  iinoioiit  Uiko  iiiiist  have  reached  its  arms  into  Iowa, 
Northorii  Indiana,  and  Southwestern  Michigan. 

While  the  exj>anse  of  iaeustriue  waters  Tvas  brooding 
over  the  rei»ion  destined  to  heoome  a  prairie,  they  busied 
themselves  in  strewing  over  the  tombs  of  pre-glacial  geimfl 
a  bed  of  mud  which  sliould  forever  prevent   a  resurreo- 
tion.     l^ake  sediments  themselves  inclose  no  living  germs. 
You  will  see  the  seeds  of  grasses  and  the  fruits  of  trees, 
washed  in  by  the  i*ecent  storm,  floating  upon  the  surface, 
and  eventually  dritUng  to  the  lee-shore.    If  they  ever  sink 
to  the  bottom,  and  wrap  themselves  in  the  accumulating 
mud,  it  is  alter  they  have  lost  their  vitality.     Sunken  and 
buried,  they  go  to  decay.     Let  a  lake  be  drained,  and  the 
bottom  remains  a  iiakeil,  barren,  parching,  shrinking  waste. 
No  herbs,  or  grasses,  or  ti^ees  burst  up  through  the  pottery- 
like  surface.     But  every  where,  from  beds  of  ancient  gla- 
cial materials,  vegetation  is  bursting  forth  and  announcing 
itself.     Lo,  here  1  am !  speaks  the  nodding  young  pine  that 
had  been  slumbering  just  beneath  the  surface  through  the 
long  and  undisputed  possession  of  the  deciduous  forest 
which  the  axe  has  just  mown  down.     Not  so  in  a  lake- 
bottom.     Here   arc  the  cerements   of  the  dead,  not  the 
wrappings  of  the  slumbering. 

When,  therefore,  the  ancient  lake  relinquished  dominion 
over  Central  Illinois,  he  left  a  devastated  and  desolate 
country.  Around  the  ancient  shores  of  the  abandoned 
area  the  emerald  forest  had  stood  nodding,  and  blossom- 
ing, and  fruiting,  while  the  inundating  lake  had  washed 
the  slopes  down  which  the  oaken  and  beechen  roots  de- 
scended to  sip  refreshing  draughts.  Ever  since  the  time 
when  the  Atlantic  and  Pacific  last  held  carnival  in  tlie 
Mississippi  Valley,  these  vigorous  trees  had  stood  smiling 
upon  the  face  of  the  freshening  residuum  left  in  Illinois  on 
the  final  retreat  of  the  oceans.     A  resurrected  forest  had 
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risen  &0111  the  tomba  of  tbe  preceding  epocb.  And  not 
alone  around  the  borders  of  tbe  widened  lake,  but  upon 
every  island  kpoU  which  raised  its  head  above  the  denud- 
ing watere.  This  encircling  forest  and  these  isolated  island 
clumps  still  stood  and  flourished  when  at  length  the  lake 
receded. 

No  turf  carpeted  the  abandoned  lake-bottom.     Ko  oak, 
or  beech,  or  pine  raised  its  head  through  the  covering  of 
iake-slime  which  separated  the  el umbe ring-place  of  vegetar- 
ble  gernas  from  the  animating  influence  of  sun  and  air.   By 
degrees,  however,  the  floods  washed  down  the  seeds  of 
grasses  and  herbs  upon  the  desert  area,  and  humbler  fonns 
of  vegetation  crept  from  the  borders  toward  tbe  centre. 
At  length  the  entire  area  smiled  with  vernal  flowers,  and 
I  browned  in  the  frosty  blasts  of  winter.     The  bulky  acorn, 
and  walnut,  and  hickory-imt  traveled  with  less  facility,  and 
tbe  forest  more  sluggishly  encroached  upon  the  lake's  aban- 
doned domain.     In  this  stage  of  the  history  tbe  Indian  was 
here.    For  aught  I  know,  he  was  here  while  yet  the  prairies 
i  a  lake-bottom.     His  canoe  may  have  been  paddled 
['Over  the  future  spires  of  Blooraington  and  Springfield,  and 
k  the  muscalonge  may  have  been  pursued  through  the  future 
r. streets  of  Chicago;  but,  at  least,  the  Indian  was  present 
Ji  ID  the  interval  of  time  by  which  the  berb  distanced  tbe 
l^ree  in  their  race  for  possession  of  tbe  new  soil.     In  this 
I'interval  he  plied  the  firebrand  in  tbe  brown  sedges  of  an- 
Itnmn,  and  made  for  himself  an  Indian-summer  sky,  while 
■be  cleared  his  favorite  hunting-ground  of  the  rant  growths 
I  which  impeded  both  eye  and  foot     While  the  Indian  was 
in  these  pursuits,  and  while  yet  tbe  forest  had  not 
Jiad  time  to  extend  itself  over  the  prairie,  the  white  man 
p  the  lake  from  Mackinac,  crossed  over  the  prairies 
I  to  the  Mississippi,  saw  the  Indian  engaged  in  his  burnings, 
land  hastily  concluded  that  this  was  the  means  by  which 
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the  trees  had  been  swept  off— ignorant  of  the  history  that 
had  passed,  and  which  was  even  then,  as  now,  in  very  prog- 
ress, and  which  was  even  then,  as  now,  actually  crowding 
the  forest  upon  the  prairie,  and  bringing  about  the  day 
when,  perhaps  a  thousand  years  hence,  the  prairies,  like  the 
forests  of  Lancashire,  will  live  only  in  history. 
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CHAPTER  XXV. 

SOMETHING    ABOPT    OIL. 

T^HE  Tery  word  lias  wrought  like  magic.  The  smell  of 
-^    the   article  has   turned  men  crazy.     It  has    opeued 

purse-strings  which  the  cries  of  the  orphaned,  the  tears  of 
I  the  widowed,  and  the  pleas  of  religion  could  never  loose. 
Lit  has  made  men  lavish  in  a  hopeless  enterprise  who  had 
I  no  pence  to  spare  under  the  counsels  of  wisdom.  It  has 
d  men  to  scorn  the  admonitions  of  the  instructed  and 
■.professional,  to  trust  their  own  stark  ignorance  in  the  stake 
■  of  a  fortone,  It  has  led  the  self-reliant  and  pursey  |^pital- 
f  iat  to  heap  contempt  on  the  wisdom  and  experience  of  sci- 
i  ence,  to  follow  the  lead  of  his  own  olfactory.  All  this  be- 
V  cause  "  oil"  is  a  synonym  for  gold. 


ss !  qaid  n 


1  mortaJia  pectora  cogis  ? 


Since  the  historical  excitement  of  the  "  South-Sea  Bub- 
'  lile,"  the  basineas  world  has  hardly  been  invaded  by  such 
I  a  fever  of  speculation  as  raged  over  the  Northern  United 
I  States  from  1862  to  1866.     When  it  was  positively  settled 
that  oil  could  be  drawn  from  the  solid  rocks — oil  snited  to 
S  of  illumination,  gas-making,  fuel,  and  lubrication — 
men  who  have  the  keenest  eye  to  utility,  and  who  connter- 
I  poise  all  values  with  bullion,  were  constrained  to  admit 
\  that  Providence  had  done  more  for  our  race  than  they  had 
'-  ever  dreamed.     No  doubt  many  men  made  suitable  recog- 
nition of  the  services  of  the  Almighty  in  faciUtating  the 
.  ends  of  money-getting.     The  picture  which  memory  treaa- 
iftt  of  a  herd  of  porcine  quadrupeds  jos- 
M  2 
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g  each  other  for  the  largest  share  of  their  ina8tei''8  al- 
lowance. *  4 

At  first  it  was  generally  supposed  that  one  locality  was 
as  likely  as  another  to  yield  the  oleaginons  fluid,  and  ex- 
periments innumerable  were  instituted  wliei-ever  men  could 
be  found  whom  the  infectious  fever  had  reached.  We  now 
know  that  not  one  neighborhood  in  a  thousand  affords  the 
ilogical  conditions  requisite  to  success.  Another  pre- 
dpitate  and  erroneous  conclusion  was  that  which  assumed 
ithe  surface  configuration  of  the  earth  to  be  the  only  essen- 
tial condition  of  oil  accumulation.  Wherever  a  region 
could  be  found  with  a  physical  geography  like  that  of  Ve- 
nango County — wherever  a  creek  like  Oil  Creek  had  scored 
a  country  underlaid  by  sandstone  like  Northwestern  Penn- 
Bylvaula — tliere  might  have  been  seen  the  men  whose  ex- 
perienced olfactories  were  employed  to  test  the  odor  of 
©very  bog,  and  stain,  and  film  which  prying  eyes  could 
bring  to  light.  Especially  if  such  a  creek  were  bordered 
1>y  a  flat  walled  in  by  rocky  blufl's — but  most  especially  if 
luoh  B  flat  could  be  found  at  the  fort  of  two  streams,  en- 
5(rironed,by  rocks  and  hilla  of  Pennsylvania  sandstone,  were 
"  oil-smellers"  in  high  ecstasies.  Happy  the  squatter 
)se  steep  and  rugged  hill-sides  and  narrow  intervales 
rded  thesertret-elass  evidences  of  "  productive  prop- 
erty." I  know  of  many  an  instance  in  which  his  land  was 
tripled  in  market  value  by  the  magic  touch  of  the  magician 
of  the  hazel  wand.  Tlie  same  kind  of  sandstone  was  essen- 
tial; and  it  is  marvelous  that  Nature  had  so  disposed  it 
lat  the  oil-seeker  could  in  every  instance  detect  also  the 
first,"  "  second,"  and  "  third"  sandstones  after  the  Venan- 
style.  No  matter  upon  what  formation  the  exploration 
light  be  progressing — perhaps  a  thousand  feet  below  or-e 
tbove  the  geological  liorizon  of  Venango  County — tluden- 
bunters,  who  had  a  wisdom  above  geology,  could  neigh- 
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Hy  parallelize  every  formation  with  tliat  of  Venango 
lounty. 

I    Another  popular  error  was  that  of  regarding  heds  of 

>al  as  the  source  of  the  oil.     This  led  searchers  for  the 

teveted  fluid  to  prefer  the  hordera  of  coal-fields,  or  even 

^e  regions  underlaid  by-  coal.     Often  it  seemed  to  be  a 

latter  of  indifference  whether  it  were  calculated  that  the 

nl  would  naturally  rise  or  sint  through  the  rocks.     With 

kuy  the  question  was  never  considered.    With  most, 

Blowever,  the  opinion  was  entertained — and  to  this  day  is 

dierishcd — that  oil  naturally  descends  through  the  strata. 

%  have  seen  it  gravely  stated  in  published  treatises  on  the 

Mubject  that  our  native  petroleum  is  the  "drainage  of  the 

res,"    Nothing  could  be  more  erroneous.    What 

[connection  can  exist  between  the  oil  deposits  of  EnniskiUen 

Ontario)  and  the  nearest  coal-beds,  at  least  one  hundred 

liles  removed?    What  between  the  oil  accumulation  of 

mitoulin  Island  and  the  nearest  coal-beds  two  hundred 

(niles  distant?     Moreover,  the   coal-measures  are   every 

where  less  saturated  with  oil  than  many  formations  of 

more  ancient  origin. 

''Surface  shows"  have  been  the  fascination  of  many.   The 

blaces  of  most  copious  escape  to  the  surface  were  regarded 

s  the  favored  spots  where  the  "  drainag*^froni  the  coal- 

leasures,"  in  disregard  of  the  laws  of  gravity  and  hydro- 

l^-ynamicB,  had  obligingly  deposited  itself     Such  •'shows" 

itrere  always  illusory.     A  great  "  surface  show"  is  a  great 

waste.    When  Nature  plays  the  spendthrift  she  retains  but 

^^ttle  treasure  in  her  coflcrs.     This  was  the  lesson  learned 

>Bt  great  coat  by  the  confident  capitalists  who  took  "stock" 

"surface  shows"  of  Paint  Creek,  in  Northeastern 

Kentucky.     The  production  of  petroleum  in  quantities  of 

Ipnomical  importance  has  always  been  fi'om  reservoirs  in 

1  Nature  for  ages  had  been  hoarding  it  up,  instead 
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of  makiDg    a    eupei-ficial   and .  deceptive   display   of  her 
wealth. 

But  there  is  do  illusion  that  has  levied  a  heavier  tax 
upon  the  folly  and  credulity  of  oil-seekers  than  the  hitu- 
minona  smell  emitted  by  certain  rocks,  accompanied  gen- 
erally by  the  visible  presence  of  more  or  less  of  the  bitu- 
minous matter.  The  Corniferous  limestone  must  take  the 
praise  of  being  the  most  saccessful  fool-detective  of  any 
touchstone  ever  applied  to  the  herd  of  oil-seekers.  This 
limestone  is  very  remarkable  for  the  general  abundance  of 
oily  and  bituminous  matters  disseminated  through  it.  Not 
unfrequently  fragments  ot  the  rock  present  a  black  color 
and  unmistakable  pitchy  smell,  which  ai-c  quite  seductive. 
I  have  often  seen  it  dripping  wkh  a  tarry  exudation  which 
could  be  gathered  up.  Nay,  I  have  seen  clear  petroleum 
flowing  from  small  cavities  in  the  ibnnation,  and  published 
statements  of  the  phenomenon  as  early  as  1859  and  1860, 
Nevertheless,  the  conditions  of  oil -accumulation  are  not 
fulfilled    in   this   formation,  and,  as   a  historical  fact,  no 

L^productive  well  is  known  to  be  supplied  from  the  forma- 

'  tion. 

These  observations  were  made  by  certain  geologists 
while  yet  the  oil  excitement  continued  at  its  height. 
They  were  published  to  the  world  as  warnings  against 
the  deceptive  solicitations  to  investment  which  this  for- 
mation presented.  And  yet  men  daily  suffered  themselves 
to  be  deceived.  A  thousand  dollars  spent  in  drilling  a 
iole  in  this  limestone  was  cheerfully  paid  by  men  who 
could  not  be  persuaded  to  offer  five  cents  for  the  endow- 
ment of  a  chair  of  geology  in  some  reputable  college  or 
I'univorsity.  Hundreds  of  such  holes  were  bored.  The 
3  had  the  mysterious  fascinations  of  a  lottery.  The 
mpany  at  Toledo  did  not  deter  from  an  iden- 
n  Sandusky,     A  dozen  failures  in  the  neigh- 
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borhood  of  London,  Ontario,  did  not  suffice  to  insure  from 
llie  encliantniont  the  very  nejit  man  who  gazed  upon  a 
limefitone  cliff  reeking  with  tlio  oozinga  of  hitumen.  And 
all  this  infatuation  was  indulged  in  spite  of  acientiflc  advice, 
or  in  blisEful  ignorance  of  scientific  teachings.  Sweet  is 
anticipation.  An  Oliio  man  showed  me  one  day  a  quantity 
of  fragments  of  this  limestone,  which  were  completely  sat- 
uratcd  after  the  usual  stylo.  It  was  a  new  sight  to  him, 
and  he  felt  assured  that  Kature  bad  simply  used  tbem  as 
a  roofing  over  an  immense  reservoir  of  oil.  I  recognized 
the  formation  at  a  glance,  and  remembered  fifty  instances 
in  which  it  had  been  pierced  without  success,  I  assured 
the  gentleman  that  it  would  be  useless  to  bore  in  that 
rock.  My  advice  saved  a  friend  from  becoming  a  fellow- 
victim,  but  the  Ohio  gentleman  returned,  and,  like  hun- 
dreds of  others,  resolved  to  trust  his  own  ignorance  in 
preference  to  professional  skill.  He  bored  his  hole,  and — 
it  is  still  there  ! 

In  another  instance,  a  gentleman  of  another  state  became 
fascinated  by  the  smell  of  oil  about  an  old  stone-quarry  in 
the  CoralferouB  limestone.  "  Surely  the  oil  must  be  treas- 
ured in  these  rooks,"  he  said  to  hiraselC  So,  at  great  ex- 
pense, he  leased  ground,  erected  buildings,  employed  hands, 
and  bored  a  hole  about  six  hundred  feet  in  depth.  As  in 
all  explorations  of  this  fonnation,  the  never-failing  smell 
of  oil  was  continually  taken  for  a  "fine  show,"  and  he  per- 
severed in  pushing  downward.  At  length,  however,  the 
smell  of  oil  gave  out,  and  courage  was  kept  up  by  smell- 
ing occasionally  a  piece  of  the  surface-rock,  or  stirring  the 
mud  and  water  that  had  accumulated  in  the  depressions 
of  the  quarry.  The  smell  was  a  perpetual  invigorator. 
Every  sniff  was  worth  fifty  dollars  to  the  grand  enter* 
prise.  Every  gas-bubble  that  could  be  conjured  to  the 
surface  was  good  for  anothei'  chock.     But  at  length  the 
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enterprise  had  been  prosecuted  to  sncli  an  extent  that  it 
waB  regarded  as  just  upon  the  eve  of  consummation  and 
fruition.  Now  the  geologi&t  must  he  called  in  to  puff  the 
CDterprise  and  sell  the  stock,  Alas  I  he  had  the  ungi-ate- 
ful  duty  of  informing  his  employer  that  he  bad  pierced  m- 
tirely  through  the  Corniferous  limestone  that  had  cheered 
him  with  its  aromatic  exhalations,  and  that  he  had  entei-ed 
the  Niagara  limestone,  and  would  probably  "  stiike  fire" 
before  he  "  stmck  oil."  To  palliate  the  disappointment, 
he  had  to  add  that  the  result  could  positively  have  been 
announced  in  the  beginning,  without  the  expenditure  of  a 
dollar  in  boring.  This  man  expended  six  or  eight  thou- 
Band  dollars  in  a  moat  inexcusable  and  wasteful  ignorance 
of  the  geological  conditions,  but  yet  endeavored  to  recover 
half  of  the  moderate  geological  fee  which  he  had  paid  to 
be  informed  of  the  hopelessness  of  Ms  case. 

The  Corniferous  limestone  is  extensively  distributed 
I  throughout  the  West,  and  has  afforded  a  wide  field  for  the 
'  display  of  credulity  that  could  not  believe  the  tnith,  and 
avarice  that  could  not  spend  enough  in  a  bootless  enter- 
prise. It  stretches  in  a  broad  belt  from  Columbus,  in  Ohio, 
northward  to  near  the  state  lino,  where  it  bifurcates,  one 
■belt  trending  northwestward  across  Northern  Indiana  and 
into  Southwestern  Michigan,  passing  under  Lake  Michigan, 
and  curving  eastward,  so  as  to  reappear  in  the  northern .  - 
part  of  the  state  and  form  the  headlands  about  Mactinao. 
The  other  belt  trends  northeastward,  passing  into  South- 
eastern Michigan,  beneath  the  western  end  of  Lake  Erie, 
and  reappearing  in  the  neighborhood  of  Woodstock  and 
London,  in  Ontario,  whence  it  deflects  to  the  northwest, 
and  passes  under  the  middle  of  Lake  Huron,  reappearing 
in  the  headlands  and  islands  of  Michigan  some  distance 
southeast  of  Mackinac.  Throughout  nearly  this  whole  ex- 
fcitent  it  has  been  riddled  by  borerB  for  oil,  but  to  this  day 
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DO  productive  and  paying  well  has  ever  been  opened  in 
this  formation. 

The  Niagara  limeatone  has  proved  locally  a  similar 
cause  of  mistaken  ventures.  In  the  neighborhood  of  Chi- 
cago Bome  of  the  beds  of  thia  limostODe  are  eminently  bi- 
tuminoiia.  Chicago  haa  several  times  made  discoveries 
which  were  destined  to  enrich  her — if  we  could  believe 
the  newspaper  accounts  of  the  amount  of  fatness  in  her 
rocky  substratum.  Indeed,  "  the  spirits"  themselves,  in 
looking  down  through  the  rocks  which  underlie  the  city, 
were  egregionsly  humbugged  by  this  rock  "  of  color." 
Samples  of  this  Chicago  humbug  may  be  examined  in  the 
old.ivy-raantled  and  oil-bedraggled  walls  of  the  Second 
Presbyterian  Church  in  that  city.  The  oil  fried  out  of 
the  rock  by  the  summer's  sun  has  admirably  imitated  the 
dusky  brush  of  antiquity,  as  modem  art  has  learned  to  im- 
itate the  time-scarred  products  of  the  pencil  of  a  Rubens 
or  a  Raphael 

The  Coal-measures,  also,  from  the  wide-spread  belief  that 
they  are  the  source  of  native  petroleum,  have  been  faith- 
fully explored  and  espensivcly  bored,  with  scarcely  better 
success  than  in  the  Corniferous  limestone.  There  haa  hard- 
ly been  a  good  well  that  is  known  to  have  been  supplied 
from  the  Coal-measures. 

Crude  petroleum  is  not  a  product  of  definite  composi- 
tion. It  seems  to  be  a  varying  mixtm'e  of  several  hydro- 
carbons, some  of  which,  as  naphtha,  volatilize  with  rapidi- 
ty when  exposed  to  the  atmosphere ;  others,  as  kerosene, 
slowly;  while  others,  as  bitumen,  are  nearly  fixed.  It  con- 
tains also  varying  quantities  of  aluminous  matters  and  oth- 
er impurities. 

It  occurs  in  stratified  rocks  of  all  ages,  from  the  Lanren- 
ti.in  to  the  recent.  It  lias  even  been  observed  in  some 
rocks  of  a  granitic  structure.     Tlie  mere  presence  of  petro- 
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leum  in  a  fovmation  is  far  from  beiug  evidence  that  it  ex- 
ists in  large  quantities.  Obsei'vation  has  shown  that  it 
does  not  exist  in  large  qaantitieB  in  any  formation,  except 
under  certain  intelligible  conditions.  Its  presence  in  email 
quantities  is  to  be  expected. 

It  is  an  opinion  almost  univcreal  among  geologists  that 
petroleum  has  been  produced  from  organic  remains.  Hence, 
long  before  the  discovery  of  the  Eozoon  in  Laurentian  rocks, 
it  had  been  infen-ed  that  organic  life  existed  upon  oar  planet 
during  the  accumulation  of  those  rocks,  because,  among  oth- 
er reasons,  they  afford  conspicuous  quantities  of  petroleum. 
Geologists  are  somewhat  divided  in  opinion  as  to  ■whether 
animal  or  vegetable  organisms  have  afforded  most  of  the 
native  oil.  Little  dissent  ex-ists,  however,  from  the  doc- 
trine that  most  of  the  oil  occupying  the  pores  and  pockets 
of  fossiliferons  limestones  has  been  derived  from  animal 
bodies,  while  that  saturating  shales  and  arising  fttim  shales 
has  had  a  vegetable  origin.  As  the  oil  of  commerce  is  prob- 
ably derived  from  the  latter  source,  it  appears  that  we  are 
to  regard  oar  commercial  oil  as  a  vegetable  product. 
'  Petroleum  and  the  other  hydrocarbons  are  produced  from 
organic  matters  by  distillation  in  closed  vessels.  Any  veg- 
etable substance  is  capable  of  affording  them.  The  refuse 
of  the  kitchen  maybe  made  to  illuminate  the  mansion.  Ar- 
tificial distillation  of  any  of  the  rocks  containing  organic 
remains  gives  rise  to  petroleum.  Ordinary  black  shales 
abound  in  vegetable  matter  mostly  in  a  state  of  conaminu- 
tion,  and  they  readily  afford  large  quantities  of  oil  and  gas. 
They  are,  in  fact,  distilled  on  the  large  scale  in  some  Euro- 
pean countries  for  the  sake  of  these  products.  It  has  also 
been  undertaken  in  this  country,  but  without  favorable  re-  . 
suits  economically.  Nature  herself  is  engaged  in  this  busi- 
ness, and  competition  with  her  is  hazardous.  Cannel  coal, 
fagireTer,  Trbioh  is  only  a  highly  carbonaceous  ahale,  wm 
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sed  for  the  prodnction  of  "  coal  oil,"  or  "  Breckenridge 
me  yeara  before  the  discovery  of  nativt;  petroleum, 
pence  arose  the  Dame  "  coal  oil,"  which,  in  some  sections 
conntry,  is  still  applied  to  refined  petroleum,  al- 
though it  never  had  any  relations  to  the  Coal-measures, 
[^eat  and  lignite  are  capable  of  employment  for  the  same 


eep-seated  shales  of  the  earth's  crust  are  inclosed 
.  rocky  retorts  hermetically  sealed.  The  unquenched 
res  of  the  molten  nucleus  of  the  planet  continue  to  impart 
Bieir  warmth  to  the  ever-cooling  crust.  The  rocky  retorts 
uNature's  vast  laboratory  are  warmed — their  organic  con- 
tents undergo  a  slow  distillation — the  products  escape  in 
e  form  of  gas  or  oil,  and  slowly  filter  through  pores  and 
revices  toward  the  surface,  till  intercepted  by  some  imper- 
B  stratum.  These  products,  from  the  nature  of  the 
,  can  ^ot  descend.  They  are  lighter  than  water,  and 
t  tend  to  rise  through  the  water  in  the  midst  of  which 
?  are  disengaged. 

le  largest  portion  of  oil  and  gas  thus  elaborated  es- 
s  to  the  surface  and  is  lost.     In  order  to  prevent  this 
iape,  the  retort  must  be  furnished  with  a  closed  con- 
ir  receiver.     The  exhalation  ascending  from  the 
[Bother  shale  must  be  intercepted  by  a  stratum  of  a  clayey 
Rid  impervious  character.     Beneath  this  the  oil  and  gas 
1  accumulate,  displacing  the  water  previously  oecupy- 
f  the  space.     This  reservoir  may  be  an  open  cavity,  a 
jEsBure,  a  shattered  stratum  of  rock,  or  a  mere  porous  sand- 
Here  the  oil  will  be  stored, 
t  it  is  obvious  that  in  the  coarse  of  time  a  tendency 
ill  be  manifest  toward  lateral  extension  over  an  indefinite 
jBiatance,  bo  that  the  products  will  be  little  concentrated 
1  place,  if  they  do  not  even  find  a  leak  in  the  roof  and 
y  escape  to  the  surface.     In  order  that  these  products 


.SOMETHING  ABOUT  OIL.  288 

may  be  locally  restricted,  the  imporviDus  Btratum  must 
present  the  form  of  a  dome  or  roo£  The  underlying  strata 
may,  and  generally  do,  coni^m  in  position  to  the  rooting 
strata.  We  have  here  the  requisite  conditions  for  accumu- 
lation. Some  portion  of  the  oil  and  gas  may  filter  through 
to  the  Burface,  or  it  may  not.  Obviously,  if  the  outlet  be 
large,  the  product  must  escape  as  fast  as  elaborated.  If 
the  reservoir  be  nearly  closed,  it  may  hold  the  products  of 
the  slow  distillation  of  thousands  of  years.     When  one  of 

L  these  store-bouses  is  exhausted  it  will  be  filled  again,  but 

L  perhaps  not  before  the  millennium. 

I  said  that  the  oil  and  gas  would  displace  the  water  pre- 

f  yionaly  occupying  the  spaces  beneath  the  roof.     It  is  plain 

Lthat  these  substances  must  "be  hard  pressed  by  the  sur-  • 

inding  waters,  re-enforced  as  they  are  on  all  sides  by  a 
^irtual  column  reaching  to  the  surface  of  the  earth,  which 

R^ay  be  a  hundred  or  five  hundred  feet  above.  The  lateral 
J)re8sure  of  a  column  of  water  five  hundred  feet  high  ie 
All  this  the  forming  oil  and  gases  must  resist. 
Wo  wonder  that  when  given  vent  from  above  they  some- 
I  burst  forth  with  tremendous  violence.  At  a  well 
jvbich  I  visited  in  Knox  County,  Ohio,  the  pressure  of  the 

W  confined  gas  was  1 80  pounds  to  the  square  iuch,  in  addition 

[  to  the  pressure  of  a  column  of  water  600  feet  high.  It  es- 
caped from  the  mouth  with  a  roaring  sound  which  could  be 
heard  at  the  distance  of  a  mile.  The  supply  was  sufficient 
to  illuminate  a  large  city,  and  it  continued  to  escape  for 
several  months.*  When  conducted  horizontally  through 
a  pipe  to  the  outside  of  the  building  and  ignited,  it  formed 
a  ragged  and  spiteful  stream  of  fire  of  the  diameter  of  a 
hogshead,  which  roared  like  a  conflagration,  and  caused  an 

,  illumination  which  was  seen  at  the  distance   of  sixteen 

19  in  May,  18GG.     A  letter  from  Pater  NefF,  Esq.,  of  Gilinbier, 
id  Jane,  186S,  Btatea  that  this  well  is  still  "blaning." 
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We  can  form  but  little  conception  of  the  circum- 
inces  under  which  such  an  enormous  volume  of  gas  can 
B  confined  at  the  depth  of  ux  hundred  feet  beneath  the 
irface. 

The  escape  of  oil  at  the  surface  of  a  well  is  caused  seme- 
mes by  mere  hydrostatic  pressure,  as  water  i-iaea  in  com- 
lon  Artesian  wells.  More  frequently,  perhaps,  the  oil  is 
Ibroed  up  by  the  elastic  reaction  of  confined  gases.  An 
►pen  cavity,  or  a  porons  portion  of  rock  bounded  on  all 
idea  by  impervious  walls — which  constitutes  a  virtual  cav- 
— may  be  partly  filled  witb  oil,  while  gases  occupy  the 
;her  portions  of  the  cavity.  Such  a  cavity,  whether 
r  virtual,  may  possesu  any  form  or  extent — or  may 
BODsist  of  a  number  of  cavities  connected  by  narrow  pas- 
jagea  or  mere  fissures.  In  nearly  all  cases,  more  or  less  gas 
■accompanies  the  oU,  and  subsists  under  a  very  high  degree 
f  pressure.  The  pressure  in  such  cases  is  not  the  hydro- 
tatic  pressure  of  water,  but  a  consequence  of  the  continued 
^neration  of  gas  and  oil  long  after  the  cavity  had  been 
If  a  boring  happens  to  penetrate  the  higher  portion 
Bbf  such  a  cavity  (Fig.  89),  the  gas  at  once  rushes  forth  with 
reater  or  less  violence  and  persistence.  As  soon,  however, 
18  the  tension  is  relieved,  the  escape  ceases.  No  oil  will  b© 
^l>tained  in  such  a  case  without  applying  suction,  since 
i  no  hydrostatic  pressure  exerted  from  behind,  and 
Pthe  reaction  of  the  gas  tends  rather  to  confine  the  oil  in  the 
lowest  ramifications  of  the  cavity. 

Suppose,  however,  on  boring  a  hole  for  oil,  we  happen  to 

jwnetrate  some  of  the  lower  portions  of  the  cavity  occupied 

y  the  oil  {Fig.  89,  b).    The  elastic  pressure  of  the  confined 

,s  above  will  at  once  force  the  oil  up,  and  produce  a  spout- 

;  or  blowing  well.    The  flow  must  necessariiy  subside 

py  degrees  as  the  confined  gas,  by  the  escape  of  the  oil, 

Squires  more  space  for  its  accommodation.    It  may  con- 
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Fig.  89.  Two  Oil  Wells. 
a.  A  blowing  well.    b.  A  flowing  well. 

tinue,  however,  until  the  cavity  is  exhausted  of  its  oil,  after 
which  pumping  will  be  of  no  avail.  If  the  confined  gas  at- 
tains its  equilibrium  before  the  oil  has  been  completely 
forced  from  the  cavity,  it  is  evident  that  the  remainder 
must  be  obtained  by  pumping.  There  is  no  cavity  so  large, 
however,  as  not  to  be  destined  to  ultimate  exhaustion. 
Every  oil  well,  of  whatever  class,  is  destined  to  abandon- 
ment. It  is  true  that  Nature  is  constantly  at  work  replen- 
ishing the  exhausted  reservoirs,  but  her  accumulations  are 
slow.     Her  working  days  are  centuries. 

Intermittent  wells  appear  to  act  in  some  cases  precise- 
ly after  the  manner  of  intermittent  springs.  More  fre- 
quently, however,  it  is  manifest  that  the  combined  action 
of  gas  and  oil  produces  the  phenomenon.  In  boring  a 
well,  suppose  a  stream  of  gas  is  struck  one  hundred  feet 
from  the  surface  of  the  rock,  and  a  small  stream  of  oil 
twenty  feet  below  the  gas.     The  entrance  of  oil  fills  twen- 
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ty  feet  of  the  hole,  and  begina  to  submerge  the  fissure  at 
which  the  gas  is  escaping.  The  gas  forces  its  way  through 
the  oil  with  a  sputtering  sound,  bubble  after  bubble  rising 
to  the  surface.  As  the  oil  ascends,  the  gas  makes  loader 
and  louder  complaints,  till  finally,  summoning  all  its  accn- 
mulated  energies,  it  hoists  the  superincumbent  column  of 
oil  to  the  sni-face,  and  pours  it  out  in  a  stream  of  a  few 
seconds'  duration.  The  Sow  then  ceases,  and  the  same 
operation  begins  to  be  repeated.  After  a  minute  or  more 
of  renewed  grumbling  and  sputtering,  the  pent-up  gas 
again  relieves  itself,  and  thus  the  work  continues.  The 
same  results  would  ensue  if  oil  and  gas  found  entrance  at 
the  same  fissure,  or  even  if  the  gas  were  admitted  at  any 
distance  beneath  the  entr^ce  of  a  small  supply  of  oiL 

The  amount  of  oil  that  has  been  ejected  fi-om  certain 
wells  ia  marvelous  to  relate."  Though  Western  Pennsyl- 
vania has  produced  numerous  flowing  wells  of  wonderful 
capacity,  there  ia  no  quarter  of  the  world  where  the  pro- 
duction has  attained  such  prodigious  dimensions  as  in  1862 
upon  Oil  Creek,  in  the  township  of  Enniskillen,  Ontario. 
The  first  flowing  well  was  struck  there  January  11, 1862, 
and  before  October  not  less  than  thirty-five  wells  had  com- 
menced to  drain  a  store-house  which  provident  Nature  had 
occupied  untold  thousands  of  years  in  filling  for  the  uses — 
not  for  the  amusement — of  man.  There  was  no  use  for  the 
oil  at  that  time.  The  price  had  fallen  to  ten  cents  per  bar- 
rel. The  unsophisticated  settlers  of  that  wild  and  wooded 
region  seemed  inspired  by  an  infatuation.  Without  an  ob- 
ject save  the  gratification  of  their  curiosity  at  the  unwont- 
ed sight  of  a  combustible  fluid  pouring  out  of  the  bosom 
of  the  earth,  they  seemed  to  vie  with  each  other  in  plying 
their  hastily  and  rudely  erected  "  spriiig-polea"  to  work  the 
drill  that  was  almost  sure  to  burst,  at  the  depth  of  a  hun- 
dred feet,  into  a  prison  of  petroleum.     Some  of  these  wells 
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flowed  three  hundred  and  six  hundred  barrels  per  day. 
Others  flowed  a  thousand,  two  thousand,  and  three  thou- 
sand l^rrels  per  day.  Three  flowed  severally  six  thousand 
barrels  per  day;  and  the  "Black  &  Mathewson"  well  flowed 
seven  thousand  five  hundred  barrels  per  day !  Three  years 
later,  that  oil  would  have  brought  ten  dollars  per  barrel  in 
gold.  Now  its  escape  was  the  mere  pastime  of  fiiU-grown 
boys.  It  floated  on  the  water  of  Black  Creek  to  the  depth 
of  six  inches,  and  formed  a  film  upon  the  surface  of  Lake 
Erie.  At  length  the  stream  of  oil  became  ignited,  and  the 
column  of  flame  raged  down  the  windings  of  the  creek  in 
a  style  of  such  fearflil  grandeur  as  to  admonish  the  Cana- 
dian squatter  of  the  danger,  no  less  than  the  inutility  and 
wastefulness,  of  his  oleaginous  pastimes.  From  detailed 
determinations,  I  have  ascertained  that,  during  the  spring 
and  summer  of  1862,  no  less  than  five  millions  of  barrels 
of  oil  floated  off*  upon  the  water  of  Black  Creek — a  nation- 
al fortune  totally  wasted,  as  inherited  fortunes  are  apt  to 
be  wasted,  by  those  not  educated  to  an  understanding  of 
the  amount  of  labor  and  time  consumed  in  the  accumula- 
tion of  such  fortunes.     [See  Appendix,  Note  VlJi.] 

The  general  conditions  of  oil-accumulation  may  be  thus 
epitomized : 

1.  A  formation  containing  the  material  for  the  produc- 
tion of  oil  by  slow  spontaneous  distillation. 

2.  A  porous  formation  or  reservoir  above  the  mother 
rock,  or  within  it,  in  which  the  oil  may  be  accumulated. 

3.  An  overlying  impervious  formation,  which  shall  pre- 
vent the  escape  of  the  product  to  the  surface  of  the  earth. 

4.  A  dome-shaped  conformation  of  the  impervious  roof, 
which  shall  prevent  the  lateral  escape  of  the  oil,  or  its  dis- 
semination through  spaces  too  extensive. 

The  failure  of  either  one  of  these  requisites  will  convert 
all  the  other  indications  into  illusory  and  seductive  teinp- 
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1  tations.     Some  of  these  conditions  it  is  impossible  to  ascei^ 

■  tain  without  considerable  general  geological  knowledge, 

md  a  minute  acquaintance  with  the  local  geology  of  the 
■►tagion  under  consideration. 

In  determining  upon  the  first  condition,  it  is  necesBary 
I  to  know  what  are  the  characteristics  of  a  formation  con- 
l^taining  the  materials  for  oil,  and  what  particular  forma- 
l-tiona  in  the  chronological  series  have  been  proven  to  con- 
1  such  materials.  Experience  has  shown  that  commi- 
Mnted  vegetable  mattere  disseminated  through  a  matrix 

■  cf  fine  argillaceons  materials,  and  forming  a  black,  or  car- 
l.feonaceous,  or  bituminous  shale,  are  the  chief  source  of  sup- 
iyly  in  all  the  productive  regions  of  the  United  States  and 

Panada.    The  intimate  mixture  of  vegetable  and  argilla- 
Mus  particles  seems  to  facilitate  the  chemical  rearrange- 
ments involved  in  oil-genesis.     Pure  vegetable  matters 
Vform  beds  of  coal,  in  which  the  organic  material  is  approx- 
■imately  fixed.     The  distinction  between  the  "splintery" 
Kand  "fatty"  coala  corresponds  with  their  difierence  in  pu- 
rity.    Cannel  coals  are  highly  carbonaceous  shales.     Like 
tjEhe  "black  Bha]e"of  the  "West,  they  afford  copious  supplies 
f  liquid  hydrocarbons. 
The  mother-rock  of  the  oil  in  some  of  the  most  prodnc- 
l.tive  regions  of  the  continent  seems  to  be  the  "black  shale" 
I'of  the  West,  which  is  the  Genesee  shale  of  the  New  York 
[jieologists.     This  fact  was  first  pointed  out  by  my  friend 
'rofesBor  Newberry,  now  of  Columbia  College.     I  have 
tilittle  doubt  that  this  formation  afibrds  the  oil  obtained  in 
I  Northwestern  Pennsylvania;  parts  of  Enniskillen  and  Both- 
Jivell,  in  Ontario ;  in  Kastera  and  Central  Eastern  Ohio ;  in 
Whc  Glasgow  region  of  Southern  Kentucky,  and  in  North- 
vem  and  Middle  Tennessee.     It  is  also  probable  that  it  sup- 
Jplies  the  oil  in  most  of  the  wells  of  Southwestern  Pennsyl- 
■Tania,We8t  Virginia,  Southeastern  Ohio,  and  Northeastern 
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Kentucky,  These  wells,  lioweve^  art  bored  through  Bome 
portion  of  the  coal-meaaiirea  or  underlying  conglomerate, 
though  it  is  not  certain  that  any  important  supply  has  been 
reached  by  any  well  which  tenninated  within  the  range  of 
the  coal-beds. 

In  the  low^r  portion  of  the  Hamilton  group  is  another 
black  shale,  known  in  New  York  as  the  "  Marcellus  Shale," 
but  assuming  at  the  West  so  calcareous  a  character  that  it 
has  not  been  generally  distinguished  from  the  proper  lime- 
stones of  the  Hamilton  group.  It  presents  itself  in  Mich- 
igan and  Ontario  as  a  mass  of  black,  ahaly  limestone  or  cal- 
careous shale,  overlaid  by  the  thin-bedded  and  argillaceons 
limestones  of  the  Hamilton  group  proper.  I  am  led  to  re- 
gard this  fonnation  as  the  chief  source  of  petroleum  in  the 
EnniskiUeo  and  Bothwell  regions  of  Ontario. 

In  the  Cincinnati  group  is  another  black  shale  which  is 
believed  to  supply  the  wells  in  the  Burkesville  region  of 
Southern  Kentucky,  and  on  Manitoulin  Island  of  Lake  Hu- 
ron. Not  unlikely,  some  of  the  impure  coals  of  the  sub- 
conglomerate  series  have  afforded  supplies  to  wells  termi- 
nating in  the  conglomerate  in  "West  Virginia  and  the  neigh- 
boring portion  of  Kentucky.  The  oil  springs  of  California 
are  supplied  from  formations  of  much  more  recent  date. 

No  limestone  is  known  to  be  the  mother-rock  of  large 
supplies  of  petroleum.  It  j^  true  that  the  Corniferous  lime- 
stone is  saturated  and  blackened  in  many  localities  by  the 
presence  of  bituminous  matters ;  and  it  is  true  that  this 
formation  lies  beneath  the  pi-oductive  oil  regions  of  West 
Virginia,  Western  Pennsylvania,  and  Enniskillen,  in  Onta- 
rio. It  is  due,  also,  to  one  of  the  most  eminent  authorities 
in  chemical  geology  to  state  that  Dr.  T.  S.  Hunt  entertains 
the  opinion  that  the  Corniferous  limestone  is  probably  the 
source  of  petroleum  in  the  several  regions  named,  and  es- 
pecially in  Ontario.  He  has  embraced  numerous  opportu- 
~  N 
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nilicB  to  expound  and  enforce  his  views,  ineomucli  that  the 
oonvictioQ  has  obtained  great  cuiTcncy  in  Canada  that  this 
limestone  is  the  principal  sonrce  of  petroleum  in  that  prov- 
ince. Under  this  conviction,  scorea  of  oil  wells  have  been 
bored  throughout  the  belt  of  Canadian  territory  immedi- 
ately underlaid  by  the  Corniferous  limestone.  If  this  for- 
mation, say  they,  ie  the  Bource  of  the  oil  obtained  at  Ennis- 
killen,  where  it  lies  five  hundred  feet  from  the  surface,  let 
us  proceed  to  some  region  where  tGls  formation  approaohee 
nearer  the  surface,  and  thns  save  several  hundred  feet  of 
boriug.  Tliough  this  i-easoning  has  been  put  in  practice  in 
multitudes  of  cases,  both  in  Canada  and  the  United  States, 
I  am  not  aware  of  a  single  well  bored  in  the  ComiferonH 
limestone  that  has  produced  sufficiently  to  pay  expenses. 
I  do  not  regai-d  the  inference  acted  upon  as  legitimately 
drawn  from  Dr.  Hunt's  views;  for  be  must  perceive  that, 
even  were  this  limestone  the  source  of  petroleud-suppHes, 
it  must  have  evaporated  throughout  the  regions  of  surface- 
ontci'op  of  the  formation. 

But  the  Corniferous  limestone  seems  not  to  be  the  source 
of  petrolenra-supplies  even  in  those  regions  where  the  super- 
position of  another  formation  has  arrested  wastage.  If  it 
were  the  source  of  such  marvelous  quantities  as  have  been 
drawn  from  the  Canadian  strata,  its  own  cavities  and  inters 
stices  should  certainly  be  ch^ged  with  the  liquid.  To 
test  this  precise  question,  a  "  test  well"  was  bored  at  Ennis- 
kilien  at  the  joint  expense  of  parties  interested,  and  was 
continued  over  two  hundred  feet  in  this  formation;  but 
from  the  time  of  entering  it  the  signs  of  oil  were  materially 
diminished  instead  of  increased.  Tlie  Corniferous  limestone 
has  also  been  penetrated  at  St.  Clair,  in  Michigan,  under 
circnmatances  as  fiivorable  as  possible  for  the  discovery  of 
any  great  quantities  of  oil  which  may  lie  stored  np  in  its 
recesses.     The  salt  well  at  that  place  extended  through  the 
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whole  thickness  of  the  Hamilton  group  and  the  Comiferous 
limestone,  but  with  nothing  more  than  continued  "  signs" 
of  oil.  The  same  was  done  in  the  salt  well  at  Port  Austin, 
and  in  the  deep  boring  at  Jackson,  in  the  same  state. 

In  addition  to  these  and  other  negative  evidences  that 
the  view  of  Dr.  Hunt  is  unteoable,  we  Iiave  the  demonstra- 
tion of  experiment  upon  the  constitution  of  limestones  and 
black  shales.  The  amount  of  oil  that  can  be  extracted 
from  any  sample  of  the  Comiferous  limestone  is  utterly  in- 
significant in  comparison  with  the  amount  obtainable  from 
the  Genesee  shale.  It  is  a  matter  of  ocular  demonstration 
that  the  Genesee  shale  incloses  a  vast  supply  of  the  mate- 
rial for  petroleum-making,  while  the  Comiferous  limestone 
contains  almost  none  of  the  material,  and  comparatively  lit- 
tle of  the  generated  product.  I  shall  insist,  then,  with  my 
distinguished  friend  Dr.  Newberry,  late  President  of  the 
-American  Association  for  the  Advancement  of  Science,  upon 
the  correctness  of  that  view  which  regards  the  black  shales 
as  the  chief  generators  of  aupplies  of  native  petroleum.  I 
diSBent  from  the  position  of  Dr,  Hunt  with  the  utmost  defer- 
ence to  the  weight  of  his  authority,  and  only 'because  I  have 
enjoyed  opportunities  seldom  equaled  to  examine  the  geol- 
ogy of  all  the  "  oil-regions"  east  of  the  Rocky  Mountains. 

The  petroligenouB  formation  may  be  present  in  the  ab- 
sence of  reservoirs  for  the  reception  of  the  product.  There 
is  a  well-defined  belt  along  the  eastern  and  the  M'estem 
slopes  of  the  lower  peninsula  of  Michigan  which  is  imme- 
diately nnderlaid  by  the  Genesee  shale,  capped  by  a  de- 
posit of  argiliaeeous  surface  materials  adequate  to  prevent 
wastage;  but  no  oil  has  accumulated,  because  no  space  has 
been  provided  for  it.  In  some  portions  of  the  Enniskillen 
region,  twenty  njiles  distant,  the  geological  conditions  are  ' 
perfectly  identical,  except  that  a  bed  of  gravel  lies  at  the 
bottom  of  the  drift  materials,  and  immediatel 
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icnesee  shale.  This  bed  of  gravel  is  the  reservoir,  and 
■'becomes  charged  with  a  supply  of  thick  petroleum  called 
*'  surface  oil."  Some  wells  liave  yielded  thoosands  of  bar- 
Kiels  of  surface  oil.  It  may  be  necessary  to  add  that  in 
l«ome  portions  of  Enniskillen  the  Gencaee  shale  has  been 
1  removed,  and  the  surface  wells  are  evidently  supplied  from 
I  the  lower  Marcellus  shale,  which  also  stocks  the  crevices 
I  of  the  Ilamilton  limestones.  In  Venango  County,  Pennsyl- 
I 'VBuia,  and  Trumbull,  and  Knox,  and  contiguous  counties  in 
tOhio,  the  Genesee  ebale  is  overlaid  by  porous  sandstones 
E^frhich  serve  as  reservoirs  of  the  oil.  In  the  Glasgow  re- 
pgion  of  Southern  Kentucky,  the  formation  overlying  the 

■  Genesee  shale  is  the  Mountain  limestone;  but  this  is  in 

■  jplaces  arenaceous,  and  in  others  vesicular  and  cavernous, 
I,  and  thus  furnishes  the  requisite  conditions  of  oil-accnmula- 
I  tion.  In  one  instance  at  least,  in  that  region,  the  Genesee 
I  shale  itself  affords  the  reservoir  for  the  storage  of  its  pro- 
[  ductions.     In  West  Virginia  the  oi!  seems  to  accumulate 

D  the  conglomerate  at  the  base  of  the  Coal-measures,  The 
ame  is  the  case  in  Southwestern  Pennsylvania,  Soatheast- 
l.em  Oliio,  and  Northeastern  Kentucky.  The  reservoir  in 
[  the  Burkesville  region  of  Southern  Kentucky  ia  found  in 
Ithe  shattered  shaly  limestones  of  the  Cincinnati  group. 
I  These  are  reproduced  in  physical  characters  in  the  shat- 
[  tered  shaly  limestones  of  the  Hamilton  group,  which  serve 
r  as  the  place  of  deposit  of  the  oils  of  Ontario. 

I  close  this  sketch  of  the  geological  phenomena  of  petro- 
\  leum  by  presenting  a  synopsis  of  oil  regions  and  the  for- 
Imations  tributary  to  their  supplies. 

t  The  black  shales  of  the  Cincinnati  group  afford  oil  which 

I.Sccumnlates  (1)  in  the  fissured  shaly  limestones  of  the  same 

Fgroup,  and  snpplies  (A)  the  Burkesville  region  of  Southern 

1  Kentucky,  and  (B)  Manitoiilin  Island  in  Lake  Huron. 

-  II.  The  Marcellus  shale  affords  most  of  the  petroleum 
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■which  accumulates  (2)  in  the  fissured  shaly  limestones  of 
the  HamiltOD  group,  and  thus  supplies  (C)  the  Ontario  oil 
region,  locally  divided  into  (a)  the  Bothwell  district,  (b) 
the  Oil-Springs  district,  and  (c)  the  Petrolea  district. 

The  Marcellus  shale  affords  also  a  large  portion  of  the 
oil  which  accumulates  (3)  in  the  drift  gravel  of  the  Onta- 
rio region. 

HL  The  Genesee  shale,  with  perhaps  some  contributionK 
from  the  Marcellus  shale,  affords  oil  which  accumulates  (4) 
in  cavities  and  fissures  within  itself  in  (D)  some  of  the  Glas- 
gow region  of  Southern  Kentucky. 

It  aflfords  also  the  oil  which  accumulates  in  (5)  the  sand- 
stones of  the  Portage  and  Chemung  groups  in  (E)  North- 
western Pennsylvania  and  contiguous  parts  of  Ohio. 

If  affords  also  the  oil  which  accumulates  in  (6)  the  sand- 
stones of  theWaverly(Mai'fihall)  group,  in  (F)  Central  Ohio. 

It  afibrda  also  that  which  accumiilatea  in  (7)  the  moun- 
tain limestone  of  the  Glasgow  region  of  Kentucky  and  con- 
tiguous parts  of  Tennessee,  as  also  some  of  that  which  is 
found  in  the  drift  gravel  of  the  Ontario  region. 

IV.  The  shaly  coals  of  the  false  Coal-measures,  aided, 
perhaps,  by  the  Genesee  and  Marcellus  shales,  seem  to  af- 
ford the  oil  which  assembles  m  (8)  the  coal  conglomerate 
as  worked  in  (G)  Southwestern  Pennsylvania,  (II)  West 
Virginia,  (I)  Southern  Ohio,  and  tlie  contiguous  but  com- 
paratively barren  region  of  Paint  Creek,  in  Kentucky. 

V.  The  Coal-measures  may  perhaps  be  regarded  as  af- 
fording a  questionable  amount  of  oil,  which  may  have  been 
found  within  the  limits  of  (9)  the  Coal-measui-es  in  the  West 
"Virginia  and  neighboring  regions. 

From  this  exhibit  it  appears  that  the  principal  supplies 
of  petroleum  east  of  the  Rocky  Mountains  have  been  gen- 
erated in  four  different  formations,  accumulated  in  nine  dif- 
ferent formations,  andw^^ed  in  nine  different  districts, 
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CHAPTER  XXVI. 

fiOMBTDING   ABOUT  KOCK-SALT  ASD   GTPSCM. 

"COMMON  salt,  upon  which  the  chemist  has  imposed  the 
'  more  dignified  title  of  chloride  of  calcium,  ia  a  mineral 
sally  distributed  through  the  stratified  por- 
1  of  the  earth's  crust.  Like  those  other  substahccB  of 
universal  utility  to  man — petroleum,  coal,  iron,  water,  and 
lime — it  is  supplied  by  Nature  to  every  habitable  region 
of  the  teiTeatrial  surface.  Like  lime,  which  is  the  chief 
constituent  of  the  bones  and  teeth  of  man  and  the  other 
vertebrates,  the  shells  of  molluscous  animals,  and  the 
monntains  of  coral  accumulations  reared  in  the  bottom 
of  the  sea,  common  salt  also  subserves  the  necessities  not 
only  of  man,  but  of  the  quadrupeds  and  various  other  ter- 
restrial animals,  including  insects,  and  is  the  characteristic 
constituent  of  aea-wator,  the  home  of  two  thirds  of  all  the 
animals  now  existing,  and  a  much  larger  proportion  of  the 
animals  of  former  geological  ages. 
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The  salt  of  the  rocks  is  the  residuum  of  the  once  univer- 
l-aal  ocean.     The  reader  will  remember  that  reference  has 
I  already  been  made  to  the  origin  of  Bait  lakes,  like  those  of 
"Utah  and  the  Caspian  and  Aral  Seas.     Such  lakes  are  but 
remnants  of  the  last  oceanic  inundation.     They^ccupy  de- 
pressions in  the  terrestrial  surface  from  which  there  is  no 
.  outlet.     If,  like  Lake  Superior,  they  had  been  drained  to 

^^^B  the  sea,  the  original  saline  waters  would  long  since  have 
^^^K.been  replaced  by  fresh  waters  from  the  clouds. 
^^^V  In  consequence  of  the  changed  condition  of  the  earth, 
the  amount  of  evaporation  from  the  surfaces  of  these  in- 
land seas  has  genei'ally  exceeded  the  contributions  of  fresh 
|i  water  from  the  clouds.     Their  saltness  has  therefore  been 

^^H^  intensified,  and,  in  many  cases,  a  deposit  of  crystallized  salt 
^^^■lias  been  formed  upon  the  bottom  and  around  the  shores. 
^^^Kjndeed,  there  have  been  salt  lakes  that  are  now  extinct,  in 
^^^R consequence  of  the  exhalation  of  their  waters ;  and  in  the 
^^^B  place  of  each  remains  a  salt  plain,  the  surface  of  which  is 
^^^B  composed  of  salt  and  the  other  mineral..constitiients  of  the 
^^^1  ancient  sea- water,  variously  intermingled  with  argillaceous 
^^^^unatter  washed  in  from  the  sairounding  country.     The  in- 
^^^V  terior  of  the  American  continent  furnishes  abundant  pbe- 
^^^  nomena  of  this  kind,  sjptcbing  from  Utah,  through  the 
Great  American  Desert,  to  Mexico.     Such  products  are 
the  residua  of  salt  lakes  which  have  evaporated  since  the 
surface  received  its  existing  configuration.     It  will  be  re- 
membered, however,  that  extensive  salt-beds  exist  in  Ne- 
vada, which  are  derived  from  the  leachings  of  the  salifer- 
ous  strata  of  the  mountains;  and  it  may  be  that  some  of 
the  ancient  salt  lakes  of  the  region  were  supplied  with  salt 
to  some  extent  by  contributions  from  similar  sources.    This, 
nevertheless,  wonid  not  prove  that  all  salt  lakes  have  been 
similarly  fed.     Besides,  if  it  should  appear  that  they  are, 
Lwe  have  still  to  account  for  the  existence  of  strata  of  salt 
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packed  away  among  the  solid  rocks;  and  there  ia  no  ex- 
planation so  natural  and  so  consonant  with  what  we  know 
of  the  history  of  the  world  as  the  doctrine  of  evaporated 
sea-waters.  How  the  waters  of  the  sea  came  into  posses- 
sion of  the(f  saltness  is  a  question  of  primeval  chemistry  to 
which  allusion  has  heretofore  been  made.  It  was  the  result- 
ant of  the  chemical  actions  which  took  place  between  the 
fire-bom  rocks  and  the  atmospheric  acids  washed  down  by 
the  primeval  rains,  and  gathered  with  "the  gathering  to- 
gether of  the  waters." 

Salt  lakes,  or  detached  outliers  of  the  great  ocean,  have 
existed  in  all  ages  since  the  continents  began  to  shed  the 
ocean's  waters  from  their  backa.  In  the  age  just  preceding 
the  last,  an  inland  sea  occupied  the  region  of  the  upper 
■\vaters  of  the  Missouri  River ;  and,  a  little  earlier,  the  same 
sea  extended  a  few  hundred  miles  farther  south,  over  the 
country  of  the  "  Bad  Lands"  of  Dakotah.  In  the  middle 
ages  of  the  world's  history,  the  evaporation  of  salt  lakes  or 
bays  more  or  less  ^ut  off  from  the  ocean,  and  the  bedding 
of  their  saline  constituents,  was  a  phenomenon  of  so  fre- 
quent occurrence  as  to  constitute  the  most  prominent  feat- 
ure of  an  entire  group  of  strata.  This  group  has  conse- 
quently been  styled  the  "  Salifer^M  system."  The  salifer- 
ous  beds  of  this  group  are  extensively  worked  for  rock-salt 
over  a  territory  stretching  along  both  sides  of  the  Carpa- 
thians, embracing  the  mines  of  Wallachia,  Transylvania, 
GaUcia,  Upper  Hungary,  Upper  Austria,  Styria,  Salzberg, 
and  the  Tyrol  In  England  they  are  mined  in  the  counties 
of  Cheshire  and  Worcestershire.  In  the  United  States  we 
find  saliferous  beds  of  the  same  age  extensively  distributed 
over  the  region  between  the  Mississippi  River  and  the 
Rocky  Mountains. 

Descending  in  the  series  of  American  strata,  we  find  the 
Coal-measures  in  certain  regions— or  rather  the  conglomer- 
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ate  at  the  bottom  of  the  Coal-measureB — to  be  copiously 

saturated  with  biiue ;  and  in  the  lower  peninsula  of  Mich- 
igan, the  Marshall  sandatonea  at  the  bottom  of  the  Carbon- 
iferous system  are  a  i-esorvoir  of  salme  accumulations. 
Still  lower,  the  American  geologist  finds  the  Salina  group 
oftheUpper  Silurian  system  the  source  of  supplies  of  brine 
throughout  a  wide  extent  of  territory. 

The  attempt  has  been  made  to  explain  the  existence  of 
saliferoua  and  gypsiferous  deposits  by  reference  to  Chem- 
ical reactions  transpiring  subsequently  to  the  solidification 
and  upheaval  of  the  strata ;  but  I  am  led  to  regard  the 
presence  of  sulphuric  acid  and  other  chemical  constituents 
of  gypseous  and  saliferous  fonuations  as  products  of  the 
decomposition  of  previously  existing  gypsum  and  salt, 
rather  than  the  agents  employed  in  the  present  generation 
of  them. 

The  body  of  water  in  which  the  saliferous  materials  ac- 
cumulated may. have  been  a  bay  or  eoa  having  imperfect 
communication  with  the  ocean.  Under  ordinary  circum- 
stances, the  evappration  from  the  surface  of  the  bay  would 
exceed  the  supply  from  atmosplieric  sources,  and  there 
must  arise,  consequently,  a  gradual  influx  of  sea-water  from 
the  ocean.  The  bay-water  would  finally  reach  such  a  state 
of  condensation  as  to  begin  to  precipitate  its  least  soluble 
constituents.  These  would  be  mingled  with  the  ordinary 
sediments  and  dibris  of  saline  waters.  This  process  con- 
tinuing, the  condensation  would  reach,  in  succession,  those 
stages  at  which  peroxyd  of  iron,  gypsum,  common  salt,  and 
Epsom  salts  would  be  crystallized  and  deposited  around 
the  shores  and  bottom  of  the  bay,  and  mingled  with  the  ar- 
gillaceous mud  brought  in  by  the  influx  of  surface  waters. 
These  substances  are  all  constituents  of  sea-water.  In 
course  of  time,  the  bottom  of  tlie  bay  may  have  been  con- 
verted into  dryland  through  the  course  of  continental  ele- 
N2 
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ration.  On  the  other  hand,  it  may  have  been  subjected  to 
a  depression  of  such  an  est«nt  that  the  region  became 
again  the  site  of  the  oj)en  sea  ;  and  sediments  of  later  date 
were  accumulated  upon  the  top  of  strata  inclodng  rock- 
salt  and  gjrpsQin. 

Tltt  preaervation  of  the  saline  constituents  of  a  formation 
thus  originated  must  be  conditioned  on  the  ^'icis3itudes  to 
which  it  was  sabseqnently  subjected.  It  is  obvious  that 
the  Aiginal  conformation  of  the  saliferous  strata  must  have 
been  somewhat  dish-like  or  depressed  in  the  centre,  with 
the  borders  elevated.  In  the  uplift  of  the  continent,  all 
portions  may  have  been  simultaneously  raised,  or  the  for- 
mation may  have  become  decidedly  tilted.  In  the  filtra- 
tion of  surface  waters  through  the  interstices  of  the  strata, 
t  is  obvious  that  any  formation  so  posited  as  to  permit  a 
ff  of  water  through  it,  either  vertically  or  laterally,  must 
'e  all  its  soluble  constituents  dissolved  out.  A  vertical 
shing  may  simply  transfer  these  constituents  to  some 
■er  formation  underlaid  by  an  impervious  floor.  A  lat- 
ral  drain  may  dischai^e  the  soluble  contents  at  the  sur- 
ice  of  the  earth,  and  thus,  by  degrees,  restore  them  to  the 
1,  their  ancient  home.  Hence  many  strata  now  desti- 
tute of  either  salt  or  gypsum  may  have  embraced  both  at 
(he  time  of  their  origin.  In  others  we  witness  these  sub- 
Mances — especially  the  gypsnm — in  process  of  disappear- 


1  case  the  gypseo-Baliferoos  formation  has  retained  its 

intrally  depressed  conformation  (compare  Fig,  91),  it  is 

Apparent  that  the  saline  constituents  held  must  be  unable 

0  escape  by  drainage.     Surface  waters  will  fall  upon  the 

>elt  of  outcrop  of  the  formation,  and  may  find  their  way  to 

e  interior  in  sufficient  quantity  to  redissolve  the  soluble 

Blatters.     This  having  been  done,  however,  the  saturated 

ulntion  will  charge  the  interstices  of  the  formation,  and 


will  suffer  the  d  lut  ng  mflaence  of  anrface  wate*  only 
around  the  outcrops  ing  borders     Fre  h  water  will  float 
as  a  dist  net  stratum   pon  a  stratum  of  strong  bruie     The 
deepest  parts  of  a  sal  ferous  format  on  must  con  equently 
a  a  the  st  ongest  hr  ne      The  place  of  alt  springs  will 
naturally  be  along    he  ontcropp  ng  belt  of  the  tormat  on. 
i  They  are  the  mere  overflow  of  the  has  n  ca  se  i  by  s  rface 
a  ns.     The  reg  on  o  er  the  mos    dep  es  ed  port  on  of  the 
&  baain,  and  consequently  over  the  deposit  of  strongest  bnne, 
Lis  likely  to  be  completely  destitute  of  salt  springs.     The 
Iposition  of  the  brine-supply  is   therefore   a  problem  for 
latrictly  geological  determination.     It  is  an  induction  &om 
■,tlie  general  geology  of  the  entire  region.    Superficial  inves- 
JtigatorB  have  frequently  instituted  borings  in  the  vicinity 
^  of  brine  springs.     Inevitably  such  explorations  must  imme- 
diately pass  below  the  source  of  brine-supply,  and  must 
prove  unsucceseful,  unless  they  can  be  extended  to  some 
more  deeply  seated  basin,  whose  outcropping  rim  is  com- 
paratively remote.    The  most  succesefhl  salt  wells  are  those 
which  are  bored  far  from  Biiiface   indications,  in  places 
pointed  oat  by  geology  as  located  over  the  central  portion 
of  a  saliferous  basin. 

From  the  conditions  of  the  case,  it  is  almost  a  hydrostat- 
ical  impossibility  that  a  good  brine  well  should  be  a  flow- 
ing well.  The  strong  brine  must  be  pumped  up  from  the 
bottom.    It  may  be  asked  wljy,  if  the  borders  of  the  baeon 


I  WOI 
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be  elevated,  flBl  not  the  brine  "be  forced  up  by  hydrostatic 
presBure?  I  admit  that  if  the  borders  were  elevated  on 
aU  sides  above  the  place  of  boring,  such  would  be  the  case. 
But  if  the  borders  were  thus  elevated,  we  should  have  an 
area  without  surface  drainage ;  and,  instead  of  being  a 
place  for  salt-making  operations,  it  would  be  the  bed  of  a. 
sea  or  lake.  The  supposed  condition  is  therefore  incom- 
patible with  the  hypothesis  of  well-boring.  If  we  assume 
the  existence  of  a  single  gap  in  the  encircling  rim  through 
which  the  surface  waters  may  be  carried  off,  it  must  be 
borne  in  mind  that  this  gap  will  also  drain  the  brine-for- 
matton  to  the  same  level.  The  sheet  of  brine  will  not, 
therefore,  rise  to  a  higher  level  than  the  place  of  boring; 
and  if  the  elevated  rim  become  charged  with  fresh  waters, 
they  can  be  of  no  avail  for  hydrostatic  pressure,  since  the 
notch  is  an  outlet  through  which  the  pressure  would  find 
relief  at  that  level.  Of  necessity,  then,  the  place  of  boring 
must  be  somewhat  higher  than  the  continuous  rim  of  the 
saliferoua  basin,  and  the  brine'  can  only  be  brought  to  the 
surface  by  the  pump.  In  penetrating  to  the  deep-seated 
reservoir  of  brine,  other  water-bearing  strata  may  be 
passed  whose  elevation,  at  some  point  more  or  less  remote, 
may  be  such  as  to  originate  an  Artesian  overflow.  In 
working  the  deep  brine,  this  water  must  either  be  stopped 
off,  or  a  closed  tube  must  be  sunk  through  the  midst  of  it 
to  the  brine  formatioa,  where  it  must  be  closely  packed 
around,  to  prevent  communication  with  the  fresh  waters 
above. 

Oue  other  consideration  should  be  mentioned.  The  brine 
is  not  always — nor  generally — found  in  the  formation  in 
which  the  salt  was  originally  deposited.  "When,  on  the 
elevation  of  the  continent,  meteoric  watera  percolated 
through  the  strata  and  redissolved  the  salt,  the  solution 
wonld  be  retained  in  the  same  formation  only  on  the  con- 
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V  ditioQ  that  it  waa  underlaid  by  an  impervious  floor.  This 
I  is  generally  the  case  with  the  soluble  matters  of  the  Salina 
I  group.  If,  however,  the  saliferous  formation  were  under- 
%  biid  by  a  porous  sandstone,  this  would  become  the  reser- 

■  voir  in  whieh  the  leachings  of  the  saiiferous  formation 
B  would  be  preserved.     Thus  the  Conglomerate  becomes  in 

■  Ohio  and  Michigan  the  reservoir  for  the  Coal-meaaures 
W  (Fig,  91).  Borings  for  salt  must  necessarily  extend  to  the 
I  formation  in  which  the  brine  is  accumulated.    This  ie  com- 

■  monly  designated  the  salt-rock;  but  it  is  not  necessarily 
ftatfae  mother-rock  of  the  brine, 

I  Such  I  believe  to  be  a  trtte  account  of  the  natural  his- 
ft  tory  of  rock-salt  and  native  brines.  The  phenomena  of 
I  gypseo-saliferouB  formations  seem  incompatible  with  any 
I  other  explanation.  1.  The  rocks  composing  these  forma- 
I  tions  are  regularly  stratified,  and  furnish  the  usual  indica- 

■  tioos  of  sedimentary  origin.     The  beds  of  gypsara  and  of 

■  rock-salt,  when  existing,  are  entirely  conformable  with  the 
I  argillaceous  strata,  and  approximately  coextensive  with 
K  them.     On  thft  theory,  having  ascertained  the  existence  of 

■  a  brine  formation  on  the  west  side  of  the  State  of  Michigan, 
m  I  successfully  predicted  its  discovery  on  the  east  side.  The 
I  extensive  gypsum  beds,  also,  of  the  east  side  were  brought 

■  to  light  by  a  similar  prediction  based  on  the  same  theory; 
I  and  I  have  evidence  that  the  gypsum  formation  of  Grand 

V  Rapids  and  Alabaster,  on  opposite  sides  of  the  state,  is 
I  absolutely  continuous  beneath  all  the  intervening  region. 
I  2.  Gypseo-saliferous  formations  contain  all  the  well-known 

■  constituents  of  aea-water.  I  do  not  consider  it  likely  that 
B  these  constituents  would  be  associated  in  the  same  way  in 

■  both  cases,  unless  the  one  were  the  historical  consequent 
I  of  the  other,  3.  The  order  of  arrangement  of  these  con- 
^  fitituents  is  the  order  of  their  solubility.  Wlien  natural 
^riM-inmi  are  operated  upon  for  salt,  the  least  soluble  constit- 


302  SKETCHES   OF  CEEATIO]^. 

nent,  peroxyd  of  iron,  firat  precipitates.  This  its  separated 
in  the  tanks  before  the  brine  is  introduced  into  the  kettles. 
Next,  after  the  boiling  begins,  the  gypsum  is  deposited, 
forming  a  crust  upon  the  inside  of  the  kettle.  Kext  in 
ordei',  common  salt  begins  to  fall  down.  After  most  of 
this  has  been  crystallized  out,  there  still  remain  chloride 
of  calcium  and  sulphate  of  magnesia  (Epsom  salts),  con- 
stituting the  "  bitterns"  of  the  salt  manufacturer.  Further 
evaporation  would  separate  the  Epsom  salts  next  in  order. 
These  several  substances  are  an-anged  in  the  same  order 
in  natural  brine-formations.  At  the  bottom  we  find  red 
clays,  colored,  of  course,  by  a  deposite  of  peroxyd  of  iron. 
Next  above  are  clays  containing  gypsum.  In  many  in- 
stances the  sea-water  was  so  clear  that  the  gypsum  was 
deposited  in  pure  crystallized  beds,  from  ten  to  thirty  feet 
in  thickness.  Above  the  gypsum,  in  formations  that  have 
not  been  leached  by  surface  waters,  we  find  the  great  mass 
of  rock-salt.  Still  higher  are  shales  and  limestones,  con- 
taining impressions,  at  least,  of  the  needle-shaped  crystals 
of  Epsom  salts  which  were  once  there,  but^iave  been  dis- 
solved out  by  the  waters  which  have  since  saturated  the 
strata.  4.  The  very  discontinuity  of  the  gypsum  beds  in 
certain  formations,  as  the  Salina  group  in  Kew  York,  is  ac- 
companied by  such  phenomena  as  to  prove  that  the  gyp- 
sum was  once  continuous,  and  is  being  gradually  dissolved 
out.  The  overlying  and  underlying  clayey  beds  assume 
the  place  of  the  dissolved  portions  of  the  gypsum.  The 
remaining  lenticular  masses  of  gypsum  become  thus  in- 
closed by  tortuous  layers  of  clay  and  shale,  which  look  as 
if  they  had  been  primarily  deposited  about  these  masses, 
and  adjusted  to  them.  If  the  overlying  clay  be  most  yield- 
ing, the  vacated  space  is  mostly  filled  by  an  inflection  from 
above.  If  the  underlying  clay  be  most  yielding,  the  inflec- 
tion is  from  below.     Thus  abnipt  loops  of  clay  or  shale 
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rise  or  sink  into  the  spaces  between  isolated  gypBum-lenti- 
cnles.  6.  Gypseo-saliferouB  formations  are  generally  of  lo- 
cal extent  in  one  direction  or  in  both,  indicating  that  they 
were  accumulated  in  a  restricted  portion  of  the  ocean. 

The  productive  salt  fomaations  of  the  United  States  are 
three.  The  Salina  group  is  the  source  of  supply  of  brine 
and  gypaura  to  Onondaga  and  Cayuga  Counties,  New  Tork. 
The  vast  manufacture  of  the  Empire  State  ia  based  upon 
this  supply.  Only  the  northern  rim  of  the  basin  or  forma- 
tion ia  known  (Fig.  92),  Its  outcropping  edge  was  deeply 
excavated  by  the  agencies  of  the  ice-period,  and  the  excava- 


iQp,  no«  fllled  wilh  truvtl  unfl  clBy,  and  Balmaled  by 
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tion  waa  filled  witli  gravel.  The  ovei-flow  from  the  notched 
rim  of  the  basin  saturates  the  gravel,  and  thus  forms  a  vast 
inland  salt-marah.  The  etrongest  brine  settles  to  the  bot- 
tom of  this  basin,  and  ia  reached  by  wells  of  the  ordinary 
kind,  and  pumped  out.  It  seems  inevitable  that  a  supply 
obtained  under  such  geological  circumstances  must  be  lisi- 
b!e  to  rapid  exhauation.    The  facts  show  that  the  strength 
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of  the  brine  is  gradually  diminishing.  The  same  formation 
•affords  brine  and  gypsum  in  the  vicinity  of  the  Grand  Riv- 
er of  Ontario,  and  rock-salt  and  strong  brine  at  Ooderich* 
It  is  worked  for  gypsum  in  the  vicinity  of  Sandusky,  Ohio. 
It  underlies  the  whole  of  the  lower  peninsula  of  Michigan 
(Fig.  91)  in  the  form  of  a  vast  basin,  whose  borders  come 
to  the  surface  at  Milwaukee  on  the  west,  Mackinac  on  the 
north,  the  Grand  River  of  Ontario  on  the  east,  and  Sandus- 
ky on  the  southeast.  This  great  salt  basin  has  been  pene- 
trated, under  the  guidance  of  geology,  at  St.  Clair  and  at 
Point  aux  Barques,  and  successftil  wells  eleven  hundred 
feet  deep  are  now  in  operation.  A  new  well  is  about  to 
be  put  in  operation  at  Mount  Clemens,  in  Macomb  County, 
and  others  are  in  progress  at  various  points. 

The  next  saliferous  formation,  in  ascending  order,  is  one- 
which  is  peculiar  to  the  lower  peninsula  of  Michigan,  and 
has  hence  been  styled  the  "Michigan  Salt  Group.**  Its 
geological  position  is  between  the  Marshall  sandstone 
and  the  Mountain  limestone.  It  underlies,  like  a  great 
dish,  nearly  the  whole  of  the  peninsula.  Its  outcropping 
rim  is  marked  by  a  circuit  of  salt  springs.  Filtration  has 
leached  out  most  of  the  brine  into  the  underlying  sand- 
stones. The  gypsum,  however,  mostly  remains  in  the  for- 
mation, and  is  extensively  worked.  The  wells  of  East 
Saginaw  and  Saginaw  City  are  supplied  from  this  forma- 
tion. As  in  the  case  of  the  Salina  basin,  this  one  is  reached 
by  deep  borings  over  the  most  depressed  portion  (Fig.  91). 
These  borings  were  originally  undertaken  as  the  result  of 
a  pure  geological  induction,  and  strong  and  copious  brine 
was  obtained  at  the  depth  of  about  eight  hundred  feet. 
The  first  rock,  even,  was  one  hundred  feet  from  the  sur- 
face, and  the  whole  thickness  of  the  Coal-measures  had  to 
3  crossed.  I  consider  such  successes  ample  vindication 
'  the  utility  of  geological  science.    T\\c  geological  sur- 
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vey,  of  which*  this  was  but  one  of  the  results^pst  the  state 
five  thousand  dollars.  The  discovery  of  brine  in  the  Sagi- 
naw Valley  has  added  two  millions  of  dollars  to  the  capi- 
tal of  the  state. 

The  next  conspicuous  salt  formation  in  ascending  order 
is  the  Coal-measures.  The  reader  who  recalls  the  surface 
conditions  under  which  the  coal  was  formed  will  at  once 
perceive  that  there  must  have  been  a  great  concentration 
of  sea-water  in  the  remote  and  somewhat  isolated  lagoons 
and  marshes  in  which  much  of  the  materials  of  the  coal 
formation  were  accumulated.  It  will  be  noticed,  also,  that 
the  associated  strata  are  here,  as  elsewhere,  predominantly 
argillaceous.  As  the  Coal-measures  are  universally  under- 
laid by  the  great  Conglomerate,  this  becomes  the  reservoir 
in  which  the  saline  solutions  from  the  Coal-measures  accu- 
mulate. The  Conglomerate  i^  the  "  salt-rock"  of  Ohio,  West 
Virginia,  and  Northeastern  Kentucky.  It  also  underlies  a 
large  central  area  in  the  peninsula  of  Michigan,  and  thus 
constitutes  the  third  great  salt  basin  within  the  limits  of 
that  state,  each  underlying  the  same  central  area.  The 
shallow  wells  at  Bay  City,  Portsmouth,  and  the  Lower 
Saginaw  River  generally,  are  supplied  from  the  Conglom- 
erate. The  deeper  ones  at  the  same  places  are  supplied 
from  the  next  basin  below.  The  gypsum  is  generally  dis- 
solved out  of  the  Coal-measures,  but  in  Western  Iowa  it 
still  exists  in  vast  quantities. 

In  Southern  Kentucky,  and  Northern  and  Central  Ten- 
nessee, brine  is  obtained  by  boring  into  the  "Silicious 
group" — a  local  name  for  certain  members  of  the  Moun- 
tain limestone.  I  will  not  attempt  to  decide  whether  this 
brine  proceeds  from  the  Coal-measures  or  the  False  Coal- 
measures,  or  has  had  an  independent  origin. 

In  Texas,  Colorado,  and  Kansas,  salt  and  gypsum  are 
supplied  in  vast  quantities  from  formations  of  Mesozoic 
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age,  as  in  Euope.  In  Bome  of  the  Golf  States,  especiaUjr 
,  Alabama,  tolerably  strong  brine  is  obtained  by  boring  into 
the  lower  argJUaceoDS  and  arenaceous  strata  of  the  Creta- 
ceons  system.  On  the  island  of  Petite  Anse,  on  the  coast 
of  Lonlsiaq^  nine  miles  south  of  Xew  Iberia,  is  a  remark- 
able deposite  of  rock-salt,  till  very  recently  the  only  one 
known  to  exist  east  of  the  Rocky  Mountains.  Underneath 
the  soil  of  at  least  one  hundred  and  forty-four  acres  of  this 
island  lies  a  solid  bed  of  pure  rock-salt,  in  which  pits  have 
been  sunk  to  the  depth  of  thirty-eight  feet  without  reach- 
ing the  bottom.  The  mass  of  this  salt  is  below  high  water. 
It  is  overlaid  by  about  nineteen  feet  of  clay,  gravel,  sand, 
and  surface  soil.  Not  less  than  twenty-two  million  pounds 
of  salt  were  removed  fi-om  the  island  during  the  eleven 
months  previous  to  April,  18G3.  The  supply  is  probably 
inexhaustible.  This  extraordinary  mass  may  occupy  the 
site  of  an  ancient  bayou,  the  bottom  of  which  has  been  ele- 
vated, while  the  contiguous  shores  have  been  either  eroded 
or  depressed,  so  that  the  land  and  water  have  exchanged 
places.  It  is  the  opinion  of  Dr.  Goessman,  however,  that  it 
is  "a  secondary  deposite,  resulting  from  the  evaporations 
of  brine-springs  originating  from  beds  of  rock-salt  in  some 
older  geological  formation,  and  not  a  direct  residuum  from 
any  sea."* 
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CHAPTER  XXVn. 

METHOD   IN  THE   GKOWTH   OF  CrffmUENTS. 

TTOW  impressive  the  unity  of  purpose  with  which  Na- 
-*-'-  ture  has  pushed  forward  the  consummation  of  her 
vast  schemes !  Enda  have  been  foreBhadowed  through  al- 
most an  eternity  of  years,  while  the  all-directing  Mind  has 
steadily  controlled  the  miniBtering  forces,  in  the  midst  of 
millionB  of  disturbing  agencies,  till  the  premeditated  work 
has  been  accomplished.  We  witness  in  the  plans  of  the 
Infinite  Architect  the  same  intelligent  cohesion  of  parts  as 
well-laid  human  scheme ;  and  while  the  relations  of 
certain  events  far  transcend  the  scope  of  our  reason,  and 
the  perfection  of  contrivance  is  immeasurably  superior  to 
that  of  human  designs,  we  understand  enough  and  measure 
enough  to  know  that  a  philosophy  which  is  at  once  hnman 
in  its  method  and  divine  in  its  comprehension  underlies  the 
whole  chain  of  natural  events.  There  is  a  logical  relation- 
ship of  thinga  established  by  God  and  recognizable  by  man, 
Sndthe  sequences  of  events  are  ofttimes*o  clear  that  even 
finite  intelligence  is  able  to  penetrate  the  future  and  unveil 
plans  existing  only  in  the  Infinite  conception. 

This  ideal  connection  of  the  parts  of  the  Creator's  uni- 
Tcrae  is,  perhaps,  best  traced  among  organized  beings,  but 
I  propose  first  to  point  out  its  exiBtcnce  in  the  history  of 
inorganic  nature.  The  infinitely  diversified  features  of  the 
earth's  surface  have  been  wrought  ont  by  the  operation  of 
a  few  principles  working  through  ages  in  definite  modes. 
We  see  that  certain  rocks  bear  the  evidences  of  their  sedi- 
mentary origin.    We%)ok  about,  and  find  sedimentary  ao- 
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fciiniulations  still  foi-mbg  and  hardening.     We  look  back, 

KDd  ascertain  tbat  the  same  processes,  continued  through 

Btes  of  the  past,  have  piled  iip  thousands  of  feet  of  rocky 

u  which  still  slumber  the  mummied  forms  of  the  pri- 

pieval  world.     We  see  that  certain  rocks  bear  the  marks 

f  fire.     We  plunge  our  hands  into  a  thermal  spring,  and 

jather  intimations  of  internal  heat.     The  molten  eructa- 

Idns  of  a  volcano  demonstrate  the  continued  existence  of 

fcelted  rocks.     If  masses  of  igneous  origin  have  cooled 

fom  a  state  of  fusion,  who  can  say  that  they  have  not 

boled  from  that  higher  temperature  at  which  we  know 

lat  rocks  and  all  other  things  can  subsist  only  as  vapor? 

D  we  find  rocks  existing  in  that  condition?    Yes;  worlds 

1  exist  as  igneous  vapors.     Here,  then,  we  may  assume 

r  starting-point.     A  world  of  airy  flame,  after  ages  of 

loling,  gathered  a  liquid  nucleus  at  its  core — a  globe  of 

molten  rock,  wrapped  in  a  glowing  atmosphere  of  all  that 

mained  as  vapor.     Next,  a  fiery  floor  congeals  over  the 

Ktrface  of  the  burning  tide;  the  burning  tide,  as  if  in  rage, 

labes  it  to  fragments,  and  the  abated  heat  allows  them  to 

B  recemented.    When  the  hotter  fires  had  been  quite  Im- 

risoned  in  the  strengthening  crust,  dews  began  to  gather 

B  the  upper  air,  and  streaks  of  haze  barred  out  the  bnm- 

ng  beams  of  th*]urid  sun.     Rains  fell  upon  the  fervia 

rust,  to  waste  themselves  in  sudden  vapor,  and  return  to 

phe  attack  upon  the  crust.     Gleams  of  electricity  lighted 

Hie  misty  drapery  of  this  geologic  night,  while  the  thun- 

rs  of  Nature's  ordnance  echoed  through  the  cavems  of 

B  clouds. 

A  rain  of  acid  waters  at  length  got  the  mastery  of  the 

inkled  surface,  and  every  ravine  and  valley  witneased 

^e  race  of  the  rivers  for  the  lowest  levels.     Every  water- 

lonrae  bore  onward  its  freight  of  sediment,  the  materials 

f  the  masonry  of  continents.     The^Slmy  ocean  swallowed 


XETSOD  IN  THE  QBOWTH  OF  COyTiySXTS.    309 

the  rivulet,  crawled  over  the  hill-top,  and  embraced  the- 
world.  The  world,  ia  tarn,  opened  ita  wide  and  rocky 
jawB  and  swallowed  the  ocean — and  another  ocean  laved 
the  face  of  Nature. 

In  the  progress  of  events,  an  occasional  ridge  of  barren 
granit*  lifted  its  back  peiinanently  above  the  level  of  the 
sea.  Ab  the  liqnid  core  contracted,  the  surplusage  of  the 
enveloping  crust  was  absorbed  by  the  wiinkles  already  ex- 
isting, and  thus  the  granite  backs  rose  higher  and  higher. 
As  the  ridges  were  higher  raised,  and  the  valleys  deeper 
sunken,  the  accumulated  qceans  pressed  heavier  and  heav- 
ier against  the  slopes  of  the  rocky  beds,  and  the  gathered 
sediments  of  ages  weighted  the  ocean's  floor  with  a  burden 
which  easily  outweighed  the  crust  which  bridged  the  hills. 
And  thus  it  was  that  the  valleys  were  ever  deeper  sunken, 
and  that  which  was  at  first  an  insignificant  wrinkle  became 
at  last  a  stable  mountain.  From  the  coast  of  Labrador 
southwest  along  the  Laurentian  Hills  we  tread  upon  that 
ancient  summit  which  was  the  first-bom  of  Old  Ocean. 
From  the  far  northwest  it  comes  down  to  us  with  the 
same  time-worn  record  written  on  ita  weathered  brow, 
while  a  chain  of  noble  lakes  fringes  the  angulated  ridge 
along  its  western  branch,  and  the  eastern  bathes  its  feet  in 
the  waters  of  the  St.  Lawrence,  As  the  flowers  of  one 
spring-time  foretell  the  forme  which  will  reappear  when 
spring-time  cornea  again,  so  this  ancient  germinal  ridge 
was  but  the  first  blooming  of  a  continent ;  and  when  the 
circle  of  a  geologic  year  was  run,  the  rocky  leaves  of  the 
growing  continent  nnfolded  themselves  again  in  their  ap- 
pointed fashion.  Note  the  parallelism  of  that  primeval 
ridge  with  the  present  shores  of  the  Atlantic  and  Pacific 
When  we  know  that  each  Buccessive  revolution  of  the 
■globe  has  but  rolled  the  watei-s  of  the  oceans  farther  to 
Ihe  southeast  and  southwest,  do  we  not  perceive  that  the 
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deep  ooeaE'a  bed  has  ever  been  the  deep  ocean's  bed,  and 
that  the  first  ridge  of  laud  was  the  nucleus  of  the  conti- 
nent, and  the  ti-end  of  its  ahorcB  a  prophecy  of  the  coast- 
lines  of  our  day  ? 

Here,  then,  immeasurable  ages  before  the  creation  of 
man — before  even  a  living  thing  had  crawled  in  the  wa- 
ters of  the  sea— Nature  had  distinctly  staked  out  the  birth- 
place of  American  freedom,  and  fenced  in  one  inclosure  the 
vast  area  between  the  Atlantic  and  the  Pacific — between 
the  great  lakes  and  the  Mexican  Gulf— and  foreboi-e  to 
raise  a  single  separating  banier  from  one  extreme  of  the 
empire  of  freedom  to  the  other.  And,  through  all  the 
chances  of  following  revolutions,  she  has  never  erected  an 
Alpine  boundary  to  thwart  hef  purpose  in  the  unity  of  the 
,    continent. 

By  successive  upheavals  belt  after  belt  was  added  to 
the  area  of  the  land.  Even  a  phase  of  continental  history 
which  seems  somewhat  exceptional  was  wrought  out  by 
the  strictest  adherence  to  the  established  methods.  When 
the  time  arrived  for  the  creation  of  land  animals,  the  shrmk- 
age  of  the  nucleus  had  proceeded  to  a  point  which  sub- 
jected the  crust  to  the  most  enormous  lateral  pressures. 
Uneasy  in  every  attitude,  it  maintained  a  perpetual  oscilla- 
tion— I  say  perpetual,  though  in  raoi'ementa  so  vast  a  hun- 
dred years  are  as  a  moment.  Vegetation,  which  was  ap- 
pointed the  scavenger  of  the  atmosphere,  gathered  up  its 
freight  of  carbon,  and  a  well-timed  subsidence  of  the  sur- 
face inundated  the  carbonaceous  accumulation,  and  buried 
it  in  mud  and  sand  far  from  the  reach  of  the  destroying 
influence  of  the  atmosphere.  A  hundred  times  the  process 
was  repeated;  and  so  it  happened  that  when  the  atmoa- 
^^uibere  was  purified,  the  tension  of  the  crust  could  be  no 
^^^■e^er  borne,  and  one  grand  convulsion  rolled  up  the  Ap- 
^^^^Biichians  in  their  hundred  folds;  and  there,  nJcdy  assort- 
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I .  ed  between  the  rocky  leaves  of  the  mountaine,  were  the 
layere  of  carbon,  changed  from  the  poUon  to  the  comfort 

\  of  the  coming  man! 

To  recount  the  events  of  the  following  ages  is  to  repeat 

I  the   story  of  the  past.     By-and-by  the  plastic  hand  of 

I  Nature  had  moulded  the  continent  to  its  destined  features. 

'  It  seemed  to  need  but  man  to  be  a  finished  work.  But 
the  Creative  Architect  contemplated  a  higher  finish  than 
human  wisdom  could  have  contrived.  Now  that  the  At- 
lantic and  Pacific  had  completed  those  portions  of  the  con- 
tinent in  their  more  immediate  vicinage,  it  remained  for 

I  the  smaller  sea  which  surrounds  the  pole  to  develop  by  its 

'  pressures  the  northern  slope  of  the  land,  and  thus  to  be- 
come the  remote  agent  in  strewing  the  surface  of  the  rocks 
with  an  arable  soil.  The  uplift  of  the  arctic  regions 
brought  on  the  i-eign  of  ice,  and  wintry  devastation  swept 
over  the  late  verdant  landscapes.     The  downthrow  of  the 

F  Arctic  highlands  ameliorated  the  climate,  and  Spring 
t^ain  visited  the  icy  fields.  The  movements  of  ice  and 
water  left  the  surface  covered  with  cubic  miles  of  rubbish 

I  produced  from  the  destruction  of  the  underlyii]g  rocks. 

I  But  the  entire  continent  was  destined  to  a  new  baptism. 

I  The  once  forbidden  ocean  was  readmitted  to  career  in  tri- 

I  nmph  over  states  that  had  long  ago  been  reclaimed  from 
lominion.     Michigan  disappeared  beneath  the  wave, 

r  and  Ohio,  and  Pennsylvania,  and  New  York,  and  Canada. 

["  The  entire  northern  and  middle  regions  of  the  continent 
Bank  down  to  a  level  lower  than  had  been  reached  since 
the  deposition  of  the  coal.  Then,  in  due  time,  began  the 
last  resurgence  of  the  land.  By  degrees  the  finny  waters 
shrunk  back  neai-ly  to  their  former  lines.  Now  the  river 
channels  were  dug  out ;  and  now  the  Niagara  began  anew 
to  plow  its  stnpendouB  gorge.  Unknown  ages  passed,  and 
loan  assumed  the  sceptre  of  the  earth. 
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With  what  fidelity  has  geology  deciphered  the  records 
of  this  wonderful  history  !  We  marvel  that  so  many  se- 
crets of  the  silent  ages  have  been  found  out.  And  yet  we 
run  over  their  chronicles  ae  ifbnt  the  annals  of  the  last  year. 
How  immense  a  field  for  the  imagination  to  sweep  over ! 
What  amazing  intervals  of  time  to  contemplate !  what 
gigantic  operations  to  trace!  And  yet  we  behold  from 
the  beginning  the  action  of  the  same  physical  forces  aa  are 
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'in  action  to-day.  The  immutable  and  omnipresent  forces 
of  chemistry  first  held  the  elements  under  sway.  Affinity, 
gravitation,  caloric,  electricity,  in  their  varying  operations, 
have  wrought  out  the  diverse  phases  of  the  modern  earth. 
The  plan  of  operations  has  been  equally  uniform.  Igneous 
forces  presaing  npward — oceanic  watera  bearing  downward 
outward.  An  incipient  wrinkle,  a  growing  ridge,  an 
upheaved  cordillera.  The  ocean  bed  wa8_  made  for  the 
primeval  waters.  The  place  for  the  continents  was  marked 
earliest  time,  and  each  successive  event  contributed 
consistently  to  the  final  conaummation, .  Even  their  out- 
were  foreshadowed  in  the  trend  of  those  primal  ridges 
■which  made  a  mockery  of  dry  land  before  a  living  thing 
liad  appeared  upon  the  earth.  And  when  tho  finishing 
touch  was  to  pass  over  the  globe,  we  find  it  effected  by 
the  same  general  agency  as  piled  up  miles  of  strata  and 
riused  granite  summits  to  the  clouds.  An  upheaval,  a  sub- 
mergence, and  another  upheaval  constitute  the  last  three 
chapters  of  the  history.  Who  can  contemplate  this  iden- 
tity of  agencies,  this  persistence  of  plan  and  perfection  of 
results,  without  being  impressed  that  One  Intelligence  has 
planned  the  scheme  and  guided  the  blind  forces  from  the 
'ginning  to  the  accomplishment  of  the  long-anticipated 
,«nd? 
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CHAPTER  XXVra. 

IIETHOD  IN   TUE    HISTORY    OF  LIFE. 

"l^ATUKE  has  always  isaued  her  bulletins.  It  ia  a  mosf ' 
-^*  iDtereatiiig  fact  in  the  history  of  the  animal  creation 
that  Nature  advertised  her  plans  in  the  very  earliest  crea- 
tive acts.  In  our  study  of  the  relics  of  the  primeval  ages 
we  do  not  find  the  grand  and  fundamental  purposes  of  In- 
finite Wisdom  unfolding  themselves  by  degrees  as  type 
after  type  of  organic  life  made  its  advent  upon  our  planet. 
It  is  quite  true  that  the  full  development  of  Nature's 
schemes  can  only  be  apprehended  in  the  ultimate  results, 
and  that,  with  our  highest  wisdom,  we  are  continually  sur- 
prised at  the  wealth  of  resources  exposed  in  the  unfolding 
_  of  a  simple  plan.  But  Nature  had  her  plans,  and  these 
were  mature  in  the  very  beginning.  All  possible  contin- 
gencies being  foreseen,  no  amendraeuts  or  modifications 
have  been  necessitated  by  the  growth  of  successive  popu- 
lations and  the  march  of  human  improvement.  The  out- 
lines of  Nature's  e rand  methods  wero  announced  in  her 
initial  creative  ™)rts.  It  was^hus  in  the  plan  of  conti- 
nental development ;  it  was  thus  in  the  plan  of  the  animal 
creation.  It  ia  only  in  the  infinite  flexibility  of  her  plans, 
and  in  the  inexhaustible  richness  of  their  filling  up,  that 
Nature  transcenda  all  the  possibilities  of  human  expecta- 
tion. 

To  the  geologist  no  fact  is  more  familiar  or  more  patent; 
than  the  simultaneous  introduction  upon  the  earth  of  three 
of  the  four  fundamental  plans  of  animal  structure  which 
in  the  following  ages  were  to  sport  into  the  infinite  variety 
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idividual  forms  that  diversify  the  sarfaco  of  the  earth 
at  the  present  day.  Saying'  nothing  about  the  solitary 
'£!ozo6n,  which  stands  inscrutable,  isolated,  and  mysterious 
in  the  remote  ages  of  Eozoic  Time,  like  a  desolate  islet  in 
the  midst  of  a  dark,  and  trackless,  and  tempest-beaten  sea, 
we  find  that  upon  the  very  threshold  of  Paleozoic  Time  rep- 
resentatives of  Radiates,  Molluscs,  and  Articulates  burst 
into  multifarious  being  almost  simultaneously.  So  nearly 
simultaneons  was  the  appearance  of  each  of  these  types, 
that  all  hypothesis  of  their  genealogical  succession  i^  ra- 
tionally precluded.  The  doctrine  of  development  finds 
great  discountenance  in  the  very  first  of  the  facts  from 
which  such  a  doctrine  ought  to  derive  its  support.  Later 
in  the  history  of  the  world  Vertebrates  made  their  advent, 
and  thua  were  laid  the  four  coraer-stonea  on  which  Nature 
has  built  the  superstructure  of  the  animal  creation.  Among 
all  the  multitudes  of  organic  forms  which  have  been  disen- 
tombed from  the  cemeteries  of  the  solid  rocks,  we  have 
found  none  which  were  not  conformed  to  one  of  the  four 
fiindamental  types  announced  in  the  beginning.  Here  is 
no  caprice,  here  is  no  chance,  but  the  constancy,  and  or- 
der, and  persistence  of  intelligence,  foresight,  and  fixed  pur- 
pose. 

When  this  grand  procession  of  organic  forma  was  mai-- 
Bhaling  for  its  movement  through  time,  the  Supreme  Intel- 
ligence sent  it  forward  in  four  columns,  in  each  of  which 
;T¥as  dominant  one  of  the  four  ideas  of  structure.  But  as 
Nature  did  not  range  her  four  colamns  in  linear  order, but^ 
set  them  abreast  of  each  other,  so  she  was  equally  far  from 
bringing  forward  the  subordinate  divisions  of  each  column 
or  plan  in  any  thing  like  a  fixed  progressive  succession. 
Neither  the  highest  and  moat  exalted  forms,  nor  the  low- 
est and  most  humble,  were  ordained  to  take  absolute  pre- 
ience.     In  the  sub-kingdom  of  Radiates  the  type  vaa 
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introdueerl  by  Echinoderms,  Acalepha,  and  Protozoans,  the 
two  highest  and  the  lowest  of  the  four  classes.  True  coral 
animals  perhaps  made  their  appearance  a  little  later.  Iii 
the  sub-kingdom  of  Molluscs  all  the  classes  stand  abreast 
on  their  first  advent;  in  that  of  Articulates,  the  two  lower 
claBses,  Crustaceans  and  Wonnfl,  preceded  by  a  long  iutev- 
vfl!  the  Insecteaus;  and  in  the  sub-kingdom  ofYertebrates 
the  classes  followed  each  other  in  regular  gradational  suc- 
cession. Thus  we  see  that,  so  far  as  class-groups  are  con- 
cerned, it  is  impossible  to  reduce  the  order  of  succeasion  to 
any  general  formula.  How  is  it  with  the  orders  of  the 
respective  classes  ?  Among  Echinoderms,  Cystideans  ap- 
peared before  the  successively  higher  Crinideans,  Starfiahee, 
and  Sea-urchina;  among  Acalephs,  the  homy  Graptolites 
appeared  before  the  Coral-builders ;  among  Protozoans,  the 
Sponges,  which  ally  themselves  to  Polypi,  appeared  before 
the  lowest  types — always  disregarding  the  mysterious  Eo- 
zoon.  On  the  whole,  the  order  of  succession  among  the 
groups,  based  upon  relative  rank,  is,  with  Radiates,  from 
below  upward.  With  Molhiscs  we  find  the  straight  and 
simple  Orthoceratitca  preceding  the  higher  Cephalapods; 
the  arcuate  and  the  entire-mo utlied  Gasteropoda  leading 
the  higher  spiral  and  flesh-eating  families ;  the  asiphonal 
Lamellibrancha  antedating  those  with  more  complete  respi- 
ratory apparatus,  and  the  homy-ahelled  LingxUa  and  Disci- 
na,  among  Brachiopods,  appearing  before  the  stony-shelled 
and  atony-armed  Spirifers  and  Terebratulas.  Among  the 
-Articulate  and  Vertebrate  classes  the  gradational  succes- 
sion of  the  various  orders  is  tolerably  perfect.  But  I  must 
refrain  from  alluding  to  specific  facts.  The  following  grand 
generalization  rests  on  a  broad  survey  of  data  upon  which 
it  would  be  inappropriate,  in  this  place,  to  enter. 

There  is  no  succeesional  relation  between  the  four  sub- 
kingdoms  of  animals,  nor  even  between  the  several  classes 


METSOD  IN  THE  HIHT0S7  OF  LIFE. 


ni 


of  the  invertebrate  snb-king'domH ;  but  among  the  orders 
of  the  several  classes  and  the  clasaes  of  the  Vertebrates  we 
find  generally  a  progress  from  lower  to  higher  in  the  order 
of  introductioQ, 

But  there  is  another  principle,  complementary  to  this, 

which  needs  to  be  united  to  it  in  order  to  present  us  with 

I  a  true  view  of  Nature's  method.     There  has  generally  been 

L.d  dowtiward  a8  well  as  an  upward  unfolding  of  each  type 

L  from  the  central  forms  in  which  it  was  first  embodied. 

J  Trilobites,  the  first  representatives  of  the  Crustacean  type, 

I  belong  indeed  to  the  lowest  group,  but  do  not  lie  at  the 

bottom  of  the  group — the  lower  members,  as  well  as  the 

'  higher  groups,  coming  into  being  at  subsequent  periods. 

The  earliest  reptiles  were  not  the  lowest  of  the  AmpMbi- 

ana,  but  Labyrinthodonts,  the  highest  Amphibians;  and 

from  this  starting-point  the  reptilian  type  expanded  both 

upward  and  downward.     Vertebrates  began,  not  with  the 

I  lowest  fishes,  but  with  a  grade  of  fishes  above  the  mean 

I  level  of  the  type  in  the  possession  of  several  reptilian  char^ 

[  :acteristics.     From  here  thp  type  rose  still  higher  to  the 

I  Strongly  sauroid  forms,  and  descended  to  the  Telioats,  or 

I  typical  fishes,  with  their  aberrant  and  degraded  forms — the 

B  lamprey  and  the  lancelet.     We  shall  arrive,  therefore,  at 

Itbe  truest  expression  of  the  plan  of  Nature  in  reference  to 

I  the  Buccesaion  of  organic  beings  by  aaying  that  each  type 

I  was   first  introduced  at   a    nodal  point,  from  which  the 

I  stream  of  development  proceeded  in  both  directions — the 

I  lowest  forms  in  many  instances  being  reached  only  ii^the 

I  modern  age;  so  that,  in  some  cases,  after  the  culmination 

li  of  a  type,  it  has  suffered  a  degeneration  into  the  lower 

I.  grades  already  paaaed. 

r  Another  fact  strikes  us  In  a  review  of  the  succession  of 
I  life  in  past  time.  Life  has  presented  itself  not  so  much  in 
U  series  of  sharply-reatricted  organic  forma,  rising  or  de» 
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Bcendmg  in  regular  order,  as  in  a  succession  of  dominant 
ideaSy  each  in  its  own  age  expressing  itself  in  more  than 
one  organic  type.  Thus,  in  the  reign  of  reptiles,  the  rep- 
tilian idea  was  dominant,  and  we  find  it  invading  the 
structure  of  the  contemporaneous  fishes.  Afterward  the 
ayian  or  ornithic  idea  became  dominant,  and  reptiles  were 
endowed  with  wings,  and  even  with  feathers — ^if  we  may 
credit  the  reptilian  character  of  the  Arch»opteryx  of  Solen- 
hofen.  Still  later,  the  mammalian  idea  became  dominant, 
and  the  forms  of  the  Ichihyoaawrua  and  JPlesiosaurus^  but 
more  especially  of  the  terrestrial  Peinosaurs,  indexed  the 
impress  of  that  idea  upon  the  reptilian  class.  Even  in  the 
Age  of  Molluscs,  the  dominant  idea  was  expressed  in  the 
bivalve  nature  of  the  Ostracoid  Crustaceans. 

The  forms  styled  "  synthetic"  or  "  comprehensive"  types 
may  perhaps  be  generalized  under  the  formula  of  dominant 
ideas.  Comprehensive  types  are  those  in  which  certain 
characteristics  of  a  group  are  ingrafted  upon  a  distinct 
though  kindred  stock.  The  Ganoid  fishes  are  of  this  kind, 
since  they  combine  reptilian  \yth  fish-like  features.  The 
Labyrinthodonts  were  comprehensive  types,  because  they 
were  Amphibians  with  the  scaly  covering  of  Reptiles.  The 
Lepidodendra  of  the  Coal  era  combined  the  characteristics 
of  the  Cryptogams  with  the  foliage  and  general  habits  of 
the  Conifers.  Such  a  synthesis  of  types  seems  to  be  occa- 
sioned by  the  overlapping  of  consecutive  ideas  in  time — a 
penumbra  occurring  while  the  last  dominant  idea  is  passing 
undpr  the  shadow  of  the  coming  one.  The  PterosauA,  or 
flying  reptiles,  were  the  most  marvelous  of  all  comprehen- 
sive or  penumbral  types.  On  the  basis  structure  of  a  rep- 
tile we  find  ingrafted  the  head  and  neck  of  a  bird,  the 
trunk  and  tail  of  a  quadruped,  and  the  leathery  wings  of  a 
bat ;  while,  not  improbably,  their  feet  were  furnished  with 
a  web ;  so  that  these  creatures  were  fitted  for  all  elements, 
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aud  showed  in  their  structure  a  Byntbesis  of  features  be- 
longiug  to  each  of  the  four  classes  of  vertebrates. 

The  dawn  of  a  new  dominant  idea  in  Nature  is  often 
foreshadowed  bypenumbral  types  of  an  anticipatoiy  char- 
acter. The  earliest  representatives  of  a  comprehensive 
type  were  generally  prophetic  Before  reptiles  were  cre- 
ated, hints  of  coming  reptiles  were  dropped  in  the  constitu- 
tion of  the  fishes,  as  in  the  concavo-convex  vertebrffi  of 
the  Ganoids.  The  winged  bird  was  foreshadowed  by  the 
flying  and  feathered  reptiles ;  aud  mammals  were  heralded 
by  the  whale-like  and  paddle-bearing  Ichthyosaurs.  What 
bnt  prophetic  types  were  all  the  first-formed  creatures  be- 
longing to  the  four  grand  categories  of  structure,  from 
which  have  been  developed  the  diversified  beings  of  after 
ages?  All  possibilities  of  vertebrate  existence  were  folded 
np  in  the  constitution  of  the  firat  fish  which  Omnipotence 
called  into  being.  In  the  organization  of  those  primordial 
Trilobitee  which  figure  in  the  vignette  of  animal  history 
were  wrapped  up  in  potentiality  all  the  species  which  cre- 
ative power  has  since  evolved  from  the  articulate  type — 
lobsters,  barnacles,  eentipeSes,  spiders,  butterflies,  beetles, 
forma  were  all  in  full  view  of  the  Intelligence  which 
executed  the  plan  that  involved  them,  and  which,  in^  Its 
■destined  unfolding,  must  set  them  free  upon  the  earth. 

Most  impressive  are  the  facta  which  show  the  ideas  of 
the  far-off  coming  ages  wandering  in  advance  of  their  time 
among  the  creations  of  an  existing  world,  like  streaks  of 
morning  light  which  herald  the  approaching  sun  through 
sU  the  sky,  while  the  world  still  sleeps  under  the  reigh  of 
larkness.  It  is  as  if  the  thoughts  of  the  Creator  were 
'husied  with  the  plans  of  the  distant  future,  while  his  hands 
lupied  with  the  work  of  to-day.  Thus  were  incor- 
porated in  the  organisms  of  one  age  hints  of  the  features 
which  were  to  blossom  and  unfold  in  the  dominant  ideas 
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B  following  one.     Thua  grew  into  being  those  "  pro- 

c  types"  which  show  that  One  Intelligence  has  ordered 

ation — an  intelHgcDCe  to  which  the  past  and  the  futufe 

h  present.    Here  are  relations  of  thought  which  pro- 

a  in  the  eare  of  all  men  that  chance  has  never  swayed 

i  sceptre  of  the  world,  and  that  unthinking  and  blind 

laterial  force  has  only  been  the  servant  of  an  Intelligent 


I  Hardly  less  interesting  are  the  phenomena  of  retrospect- 
B  types.  These  lie  on  the  vanishing  side  of  the  echpse. 
re  the  last  shadows  cast  by  a  type  whose  central 
iBsage  was  ages  ago.  The  "garpike"  or  "  billfish"  of  our 
n  waters  is  a  notable  example  of  retrospective 
^pes.  Some  geological  cycles  since,  the  garpikes  were  the 
feonareh-occupants  of  the  waters  of  the  earth.  Helmeted 
ind  mailed  in  impenetrable  armor,  they  were  secure  from 
^fi  attacks  of  the  most  formidable  foes.  With  jaws  armed 
Hth  triple  rows  of  sharp  and  conical  teeth,  and  endowed 
h  the  power  of  darting  hke  an  arrow  through  the  water, 
Biere  was  no  contemporary  too  swift  to  capture  or  too 
towerJTil  to  destroy.  The  meridian  of  this  dynasty  was  in 
ne  Mesozoic  ages.  From  that  time  its  power  has  contin- 
ued to  wane ;  and  in  the  present  age,  so  far  aa  shown  by 
the  pubhshed  records  of  science,  only  iha  Polypterus  of  the 
Nile  and  Senegal  Rivers,  and  the  Tjepidoateus  of  North 
American  waters,  survive  to  represent  the  prestige,  and 
glory,  and  prowess  of  a  reign  which  was  once  inexorable 
and  universal.  We  may  look  upon  the  "  billfish"  of  our 
rivers  and  lakes  with  a  veneration  infinitely  more  exalted 
than  any  belonging  to  the  Burvivore  of  the  decaying  dynas- 
ties of  human  history.  Here  are  the  relics  of  empires  in 
which  the  Almighty  Will  has  wrought  its  own  purposes; 
other  hand  are  the  ruins  of  fabrics  built  and  de- 
fended at  the  cost  of  human  liberty  and  human  blood,  in 
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wliich  human  license  for  a  time  lias  been  suffered  to  wrestle 
against  the  Almighty  Will. 

Equally  profound  is  the  leason  taught  by  tho  Pentacrinvs 
of  the  Caribbean  Sea,  for  it  stands  there  the  sole  Bur^Hvor 
of  the  Crinoida  of  the  Paleozoic  world.  A  delicate  stony 
Btem,  affixed  to  the  Bubniarine  soil,  bears  upon  its  summit 
a  symmetrical*  cup  or  body,  around  the  margin  of  which 
are  supported  the  five  stony  arms  which  ramify  into  scores 
of  iingers.  The  whole  structure  is  composed  of  many  thou- 
sands of  iittie  stony  pieces,  many  of  them  hand  so  mely  sculp- 
tured, and  all  fitted  together  with  mathematical  precision. 
Dr.  Buckland  demonstrated  that  the  number  of  separate 
pieces  in  a  fossil  .Pen (awjHM*  was  more  than  150,000,  while 
M.  de  Koniuck  calculated  that  an  adult  specimen  of  the 
same  species  {Peutacrinus  Briareus)  was  composed  of  not 
less  than  6I5J)00  separate  pieces.  Strange  that  a  type  so 
remarkable  in  its  charaoteristics  ehould  persist,  in  a  single 
representative,  so  many  ages  after  the  period  to  which  it 
"  was  assigned,  to  play  its  part  in  the  wonderful  drama  of 
life ! 

The  Trilobites  have  long  since  ceased  to  exist ;  but  afar 
off,  in  the  Antarctic,  science  has  brought  to  light  a  curious 
Crustacean  ( Glyptonotus  Atiiarcticus),  which  ^strongly  re- 
calls the  extinct  form  of  the  Trilobite,  as  if  Nature  fondly 
cherished  the  reminiscences  of  her  youth.  The  Araiecaria 
imbricata  of  Chili  is,  in  like  manner,  a  souvenir  of  the  Con- 
ifers of  the  Coal  Period,  as  the  Chinese  Salisbitria  is  of  its 
Sigillarians  and  Ferns. 

Thus,  on  a  review  of  the  history  of  organic  life,  we  are 
enabled  to  draw  forth  its  manifold  lessons.  We  learn  that 
the  mai'shaling  of  its  forms  is  not  in  such  an  order  as  to 
justify  the  fascinating  doctrine  of  genealogical  succession, 
as  taught  by  De  Maillet,  St.  Hilaire,  Lamarck,  Darwin, 
ipencer,  and  othei-s.     Still,  we  learn  that  order  has  exist- 
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\  and  that  Xatore's  lustory  mav  be  expressed  in  fonim- 
We  recognise  a  bond  cd*  thought  nmning  throogh 
the  whole  length  of  CTesiioa,  and  fed  the  assnnnee  that  a 
Higher  Power  than  pfayskal  fimes  has  preuded  orer  the 
;«(rfDtioD  of  the  materia]  world. 


Fig.  04.  OlyptoDotni  ADtarcticm,  o  remlaieceuce  of 
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■WOELD-THOUGHTS. 


T  ET  U3  trace  these  worid-thonghta  further.     We  shall 
-*^  find  the  same  story  thrice-recorded. 

Every  body  knows  that  the  domestic  dog  outranks  the 
ox,  while  he  is  himself  outranked  by  the  chimpanzee.  Still 
lower  than  the  ox  in  rank  is  that  aquatic  mammal,  the 
whale,  which  to  every  judgment  seems  just  on  the  sepa- 
rating  liue  between  mammals  and  fishes,  while  higher  than 
the  chimpanzee,  both  in  his  organization  and  his  intelli- 
gence, is  the  being,  Man.  These  severa]  forms  belong  all 
to  the  class  of  mammals,  and  represent  so  many  orders  of 
that  class.  Each  class  of  the  animal  kingdom -is  composed 
of  different  grades  of  creatures,  which  mark  the  different 
orders  of  the  class.  The  criteria  by  which  we  determine 
relative  rank  amongst  animals  are  various.  Within  the 
'  limits  of  a  class,  superiority  of  rank  is  denoted  by  aerial 
respiration,  and  inferiority  by  aquatic  respiration.  Corre- 
spondingly, merely  aquatic  babits,  even  with  aerial  respi- 
ration, as  in  whales,  show  that  the  affinities  are  downward. 
Even  the  endowment  of  wings  marks  a  grade  below 'those 
forms  fitted  to  travel  on  the  surface  of  the  solid  earth. 
Then,  again,  a  miilti plication  of  similar  parts  denotes  infe- 
riority, as  is  illustrated  by  the  fact  that  some  of  the  mar- 
supial quadrupeds  of  Australia  possess  fifty-four  teeth,  and 
some  dolphins  one  hundred  and  ninety,  while  the  typical 
I  number  for  mammals  is  foity-four.  Thus,  also,  insects  have 
I  but  six  legs,  while  their  inferiors,  the  spiders,  have  eight, 
L&nd  myriapods  an  indefinite  number.     Inferiority  is  equal- 
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Jiy  diagnosed  by  an  extensioD  of  the  abdominal  or  caudal 
p  region,  or  by  a  conversion  of  some  of  the  parts  about  tlie 
■  head  to  uses  which  serve  the  vegetative  rather  than  the 
I  animal  functions.  Thus  the  elongated  serpent  is  inferior 
jto  the  abbreviated  turtle ;  and, in  another  clasB, the  elon- 
I  gated  lobster  rants  below  the  shortened  crab. 

In  each  claaa  forms  may  be  selected  aa  ordinal  types.    In 

J.the  class  of  mammals  we  have  wia«,the  »ionAe^,the6a(,  the 

3  deer,  tlie  hippopotamus,  and  the  whale,  aa  the  ex- 

Kpression  of  so  many  different  ideas  in  a  graduated  aeries. 

'a  another  class  we  have  crahs,  lobsters,  trilobites,  lemeana, 

lod  wkeel-ammaleules  as  a  portion  of  a  graduated  series  of 

forma  expressed  tmder  the  artipnlated  type.     The  orders 

B'Of  each  class  may  be  regarded  as  the  embodiments  of  a  se- 

I'Xies  of  divine  conceptions.     They  constitute  a  distinct  buc- 

loession  of  ideas  recognizable  in  a  fixed  order  as  the  mind 

I'glanees  over  the  series  of  organic  beings. 

Turn  now.to  those  wonderful  and  mysterious  evolntiona 
I  through  which  every  animal  goes  in  passing  from  the  con- 
f  dition  of  an  egg  to  that  of  an  adult  being.  We  find  here 
I  expressed  the  same  successions  of  ideas  as  in  the  grada- 
I  tions  of  adult  animals.  I  have  said  that  aquatic  forma 
L  Btand  below  terrestrial — the  aquatic  fishes  below  the  ter- 
I'lestrial  reptiles.  Now  the  fish-like  tadpole  is  the  embry- 
I  onic  condition  of  the  frog,  the  toad,  and  the  salamander, 
fin  the  development-history  of  these  animals,  then,  the  idea 
I  of  a  swimmer  and  a  water-breather  is  antecedent  to  that 
I  of  a  land-dweller  and  air-breather,  just  as  the  fish  and  the 
I  whale  come  before  the  air-breathing  mammal  in  the  ascend' 
Ring  grades  of  being.  But  what  is  most  astonishing  is  the 
P&ct  that  all  vertebrates,  even  man  himself,  exhibit  at  one 
r  stage  of  their  existence  a  stmctural  adaptation  for  the  low 
ftnd  fish-like  mode  of  respiration,  and  by  degrees  assume 
^characteristics  of  higher  and  higher  orders  till  their 
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destined  elevation  is  reached,  whea  further  development  is 
arrested.  It  is  now  a  favorite  doctrine  among  some  em- 
bryologists  that  every  higher  type,  in  the  progress  of  its 
development,  passes  in  succesBion  through  phases  which 
represent  the  fixed  conditions  of  the  several  orders  below 
it.  The  author  of  the  "  Vestiges  of  Creation"  has  conse- 
quently nndoilakcn  to  show  at  what  period  of  his  exist- 
ence the  embryo  man  corresponds  to  the  fish— at  what  to 
the  salamander — at  what  to  the  tortoise,  the  bird,  the 
whale,  the  quadruped,  and  the  ape.  Indeed,  he  goes  a 
step  farther,  and  insinuateB  that  the  rank  to  which  any 
embryo  is  developed  is  limited  only  by  the  term  of  incu- 
bation or  gestation,  so  that  by  prolonging  this  term  an 
offspring  of  higher  grade  than  the  parents  may  result. 
There  is  danger  of  pushing  analogies  too  far.  Similar  ae- 
qnents  within  certain  limits  do  not  warrant  us  in  spuming 
all  limita.  Analogies  are  not  to  be  taken  for  dependent 
relations.  They  may,  indeed,  express  identical  plan — iden- 
tical intelligence — but  they  are  liable  to  fail  at  any  point. 
Notwithstanding,  it  must  bfl  admitted  that  Nature  fur- 
nishes us  in  this  ease  with  some  very  suggestive  facts. 
Unlike  the  author  of  the  "  Vestiges,"  however,  I  shall  em- 
ploy these  facta  to  show  that  intelligence  presides  over 
creation,  instead  of  proving  its  absence. 

Again,  worms  are  lower  in  rank  than  insects.  The  worm- 
like  grub  which  cuts  off  our  young  com,  and  the  slugs 
which  eat  our  cherry  and  rose  leaves,  are  but  the  embryos 
of  insects.  Here,  also,  the  embryo  of  a  higher  type  appears 
under  the  similitude  of  the  adult  form  of  a  lower  type. 
Such  illustrations  could  bo  adduced  at  great  length.  We 
arrive,  then,  at  the  conclusion  that  Nattire,4n  realizing  the 
succession  of  phases  through  which  an  embryo  is  made  to 
gives  expression  to  the  same  succession  of  ideas  as  we 
;nize  in  the  gradations  of  adult  animal  forms. 
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Nest,  let  UB  recur  to  the  nature  of  the  geological  eucces- 
IflHon  of  organic  types.  Every  tyro  in  geological  science 
Kjias  learned  that  we  have  here,  viewed  aa  a  whole,  a  grad- 
ft  Bally  ascending  Bucccssion  of  forms.  Among  other  se- 
Iquencea,  we  find  the  fish  followed  in  time  by  the  hatrachi- 
jaan,  which  in  itB  embi'yo  state  is  fish-like,  and  in  its  adult 
Kstate  is  reptile-like.  The  batrachian  was  followed  by  the 
I  strictly  air-breathing  reptile,  in  which  the  ventricle  is  not 
1  separated  by  a  partition — a  condition  existing  in  the  heart 
I'Of  the  embryo  mammal.  Finally,  reptiles  were  succeeded 
t'hy  quadrupeds  and  man. 

Again,  the  earliest  crustaceans  were  Trilobites,  followed 
I'by  Phyllopods.  These  were  followed  by  long-bodied  lob- 
'*ters(Macrourans),andtheBe,  in  turn,by  the  crabs  (Brachy- 
qb).  Kowthis  succession  of  forms  is  the  same  as  ia  ex- 
I  pressed  in  the  embryonic  history  of  the  highest  form  of 
I  Crustacean. 

Still,  again,  fishes  with  cartilaginous  skeletons  and  (so- 

L called)  heterocercal — nnequally-lobcd — tails  predominated 

I  in  the  earlier  periods,  while  our  existing  waters  are  ten- 

1. anted  by  fishes  with  bony  skeletons  and  (so-called)  homo- 

^-cereal  tails.    It  is  a  curious  fact  that  this  order  of  succee- 

n  is  represented  by  the  embryonic  stages  of  the  common 

■^whitefish  of  Europe,  and  corresponds  also  to  the  discrim- 

Tlnationa  of  rank  which  are  recognized  in  the  class  of  fishes. 

Coral  animals  furnish  us  with  another  beautiful  illustra' 

I  tion  of  these  harmonies.     It  has  been  shown  by  Agassiz, 

I  -who  has  enjoyed  remarkable  facilities  for  the  study  of  all 

I  Glasses  of  animals,  that  the  polyps,  structurally  considered, 

L  present  a  gradation  which  is  expressed,  in  ascending  order, 

jjby  the  following  arrangement  of  groups :  Actinic^,  J^n- 

IfiWce,  Astrmans,  Pontes,  Mndrepores,  JTalcyonoids.    From 

lie  ^ctiniris,  whose  soft  bodies  and  indeiinite  multiplication 

i  tentacles  mark  them  lowest  in  the  scale,  to  the  Haley- 


thi 
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oida,  which  have  but  eight  tentacles,  there  exists  a  regn- 
gradatioa  of  complication  which  in  this  place  can  only 
be  announced.  It  is  a  fact  of  extreme  interest,  however, 
that  the  geological  succession  of  coral  animala,  so  far  as  we 
can  judge, -has  been  coincident  with  this  structural  grada- 
tion. Of  fossil  ActinicB  we  can  allege  nothing,  since,  hav- 
ing soft  bodies,  no  relics  ofthemeouldhave  been  preserved 
if  they  existed  in  the  early  ages  of  the  world's  history. 
But  as  to  the  other  groups,  we  find  the  Fimgidce  running 
through  the  Silurian,  Devonian,  and  Carboniferous  ages, 
while  the  Porites  and  Astrtxatia  bedecked  the  submarine 
tarterres  of  Mesozoic  Time,  and  the  Madr^orea  united 

th  them  to  adorn  the  Tertiary  seas,  and  the  Hakyonoida 
belong  to  the  latest  times.  * 

A  farther  extraordinary  coincidence  is  furnished  by  these 
coral  animals.  It  has  been  shown  by  Agassiz,  who  exam- 
,ined  the  Florida  Reef  under  the  auspices  of  the  United 
[(States  Coast  Sui-vey,  that  the  true  reef-building  polyps  ar- 
range themselves  along  the  reef  in  the  order  of  their  rank 
fend  successive  introduction  upon  the  earth.  The  Actinice 
rao  not  appear  on  the  reef  for  the  same  reason  that  they  do 
jpot  figure  in  the  records  of  geology.  They  are  soft-bodied 
Mfflimals,  and  never  secrete  coral.  The  FungidcB,  further- 
pnore,  are  not  compound  animals  like  the  reef-builders,  and 
jiare  not  confined  to  any  particular  depth  in  the  sea.  But 
[when  we  come  to  the  reet-making  polyps,  we  find  the  true 
.iAstrmans  at  the  bottom,  followed  by  the  Meajuirines,  a 
niigher  section  of  the  Astrmana.  Next,  in  ascending  along 
rthe  reef  we  encounter  the  architecture  of  the  Porites,  the 
LSfa^epores,  and  the  Malcyonoids  in  due  succession,  and 
mresenting  a  series  of  conceptions  identical  vith  that  found 
%i  the  structural  gradation  of  polypi,  and  again  in  the  or- 
der of  their  geological  appearance. 

What  signify  now  these  repetitions  of  identical  succes- 
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ons  of  iilL*as  ?  In  their  structural  rank,  in  their  embry- 
djic  development,  in  their  geological  sequence,  and  even,  in 
e  case,  in  their  relative  position  in  depth,  the  groups  of 
animal  kingdom  give  utterance  to  the  same  intelligible 
.lances.  This  is  not  the  utterance  of  chance ;  it  is  the 
■jnage  of  One  Intelligence  presiding  over  the  evolutions 
he  organic  world  through  all  ages  and  in  all  the  condi- 
ns  of  its  existence. 

;)ther  world -harmonies  crowd  upon  our  attention.    Iden- 

il  thoughts  ai'e  written  upon  the  flowers  and  the  stars. 

Every  one  has  observed  that  the  leaves  of  some  plants 

"d  in  pairs  opposite  each  other,  on  opposite  sides  of  the 

.,     In  other  plants  the  leaves  are  scattered  over  the 

J,     In^his  case  they  are  not  promiscuously  placed,  for, 

Li  careful  observation,  we  find  them  disposed  in  the  most 

iar  manner.     Commencing  with  any  given  leaf,  for  in- 

aiice,  we  shall  find  the  next  leaf  above  this  one  third  of 

ctie  distance  around  the  stem;  the  next, another  third;  and 

the  next  another  third,  so  as  to  stand  exactly  over  the  first. 

The  series  is,  therefore,  arranged  in  a  spiral,  which  may  be 

designated  by  the  fraction  J,     Taking  another  plant,  we 

shall  find  the  next  leaf  above  any  given  one  two  fifths  of 

the  distance  around  the  stem ;  the  next  will  be  four  fiflhs ; 

the  next,  six  fifths,  and  ao  on,  each  leaf  moving  two  fifths 

of  the  circumference  farther  around  the  stem.    In  this  case 

the  fifth  leaf  stands  over  the  first,  and  this  superposition  is 

attained  after  winding  twice  around  the  stem.     Here  we 

have  an  order  of  arrangement,  or  a  spiral,  which  may  be 

represented  by  the  fraction  ^.     In  precisely  the  same  way 

we  discover  in  other  plants  spirals  which  may  be  expressed 

by  the  fractions  |,  t^,  -^,  etc.     If,  in  the  case  of  opposite 

leaves,  first  mentioned,  we  conceive  that  two  spirals  start 

*rom  the  same  level  on  opposite  sides  of  the  stem,  it  is  evi- 

it  that  each  successive  leaf  in  each  spiral  is  separated 
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from  ita  predecesaor  by  an  interval  or  angular  diBtance 
equal  to  one  half  the  circumference  of  the  at«m,.    We  have 
here,  then,  a  spiral  expressed  by  the  fraction  J.     The  com- 
plete series  of  fractions,  therefore,  is  the  foUoiving ;  ^,  ^,  \, 
f  1  TSi  "/ti  ^tc.     Now  let  it  be  laome  in  mind  that  these  val- 
ues are  obtained  by  actual  observation,  and  that  there  are 
plants  whose  leaf-arrangements  are  known  to  correspond 
^^B     to  each  of  these  fractions  severally,  as  well  as  others  in 
^^B   the  geries  farther  continued.    But  notice  the  relation  which 
^^F    subsists  between  the   successive  fractions  in  the   series, 
I  •  Each  numerator  is  equal  to  the  sum  of  the  two  preceding 

numerators,  and  each  denominator  to  the  sum  of  the  two 
preceding  denominators.  Knowing  this  law,  we  may  con- 
tinue the  series  to  any  extent ;  and  it  has  been  so  contin- 
ued, and  fractions  obtained  to  which  plants  have  subse- 
quently been  found  to  coiTespond,  though  we  hardly  know 
bow  at  present  to  interpret  the  unrealized  possibilities  in- 
dicated by  the  higher  terms  of  the  series.  Is  all  this  the 
i  result  of  chance  ?  Is  it  not  riither  mathematics,  law,  intel- 
ligence ? 
We  tura  now  our  attentioji  to  the  "infinite  meadows  of 
heaven,"  where 
S 


le  loretj  stars,  the  forget-me-noU  of  llie  angela." 


■"Neptune,  the  remotest  planet,  revolves  about  the  sun  in 
0,000  days — speaking  in  round  numbers — tTranus,  the 
next,  in  30,000  days,  which  is  one  halfxh&  preceding  num- 
ber; Saturn,  the  next,  in  10,000  days,  which  is  one  third 
the  period  of  Uranus ;  Jupiter  revolves  in  4000  days,  which 
is  two  fifths  of  the  period  of  Saturn.  And  so  we  go  on 
through  -the  system,  and  find  the  law  expressing  the  rela- 
tions of  the  revolutions  of  the  planets  identical  with  that 
which  determines  the  arrangement  of  the  leaves  upon  the 
humble  stem  of  a  plant. 
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A  Utile  iliffipulty  was  at  first  experienced  in  applyingj 
the  law  to  the  groap  of  asteroids ;  but  this  difficulty  noJ 
longer  exists,  and  we  now  know  this  wonderful  law  to  befl 
90  exact  and  uniform  in  ita  applicatiou  that,  before  the  dis^ 
covery  of  the  planet  Neptune,  the  botanist  in  his  garden  1 
could  have  predicted  its  existence  and  its  place  in  the  I 
heavens  with  greater  precision  than  the  French  astronomer  I 
in  his  observatory.     Moreover,  an  examination  of  this  ea^  \ 
ries  of  fractious  renders  it  impossible  that  any  planet  should  | 
exist  exterior*  to  Neptune,  as  his  periodic  revolution  c 
Bponds  to  the  beginning  of  the  series ;  though  an  indefinita  J 
number  of  planets  may  exist  within  the  orbit  of  MercuryJ 
inasmuch  as  the  planets  lying  in  that  direction  correspond 
to  the  indefinite  continuation  of  the  series.     This  cotrfr  T 
spondence  also  harmonizes  beautifully  with  the  cosmical  I 
theory  of  La  Place  and  Sir  William  Herschel,  which  has.  i 
been  explained  in  the  fourth  chapter  of  this  wort.     Aa-J 
tronomers  will  therefore  take  notice,  and  not  be  found: 
planet-hunting  in  the  deserts  of  space  beyond  the  orbit  of  J 
Neptune.    In  the  other  direction,  the  future  discovery  of  J 
an  intra-mereurial  planet  is  both  possible  and  probablCL.. 
Certain  it  is  that  presumption  sides  with  Lescarbault  in  hiA.J 
claim  to  such  a  discovery. 

Who  shall  explain  what  mysterious  virtue  belongs  t 
the  succession  of  values  fiimished  by  the  leaf-arrangementa 
of  the  plant,  that  exactly  the  same  succession  of  valueaS 
should  be  inscribed  upon  its  humble  stem  and  entered  I 
among  the  ordinations  of  planetary  systems?  How  vaaaj  j 
millions  of  chances  against  the  supposition  of  a  blind  o<Ma^  i 
cidence  through  a  series  of  terms  so  extended  1  FremecUr  I 
tated  atheism  alone  could  fail  to  read  the  sentiment  i 

littcn  at  once  in  the  soft  bloom  of  the  rose  and  the  snpe^ 
light  of  the  stars — "These  are  the  works  of  one  Omu 

■i-sent  Intelligence." 
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CHAPTER  yyy, 

AsnCIPATIONS    OF   MAX  IN  NATUKE. 

TAKING  advantage  of  a  midaummer  holiday,  auppoae 
we  visit  the  country  seat  of  a  friend  possessed  of  am- 
ple wealtii  and  cultivated  tastes.  Arriving  at  the  prem- 
ises, we  find  the  owner  called  unexpectedly  to  the  city,  but 
the  porter,  in  obedience  to  the  inatruations  of  the  pvoprie- 
tor,  proffers  ua  a  greeting,  and  bids  us  in  to  the  enjoyment 
of  the  spacious  park.  We  find  the  grounds  laid  out  and 
adorned  under  the  guidance  of  an  educated  and  generous 
taste.  The  graveled  carriage-road  winds  under  the  leafy 
umbrage  of  the  ancient  oaks,  or  creeps  along  beneath  the 
dark  shadows  of  a  frowning  cliff;  and  ever  and  anon  a 
sunny  opening  in  the  overbanging  foliage  lets  in  the  gold- 
en light  upon  the  quiet-loving  Rhododendron  and  Azalea. 
Ilere  a  modest  footpath  saunters  down  a  mimic  vale,  and 
leads  uB,  worn  and  weary,  to  a  rustic  anmmer-honse  all 
overarched  with  honey-breathing  Loniceras  intertwined 
with  the  scandent  Cobea  and  woodland-loving  Bignonia. 
Here  are  seats  provided  for  the  languid  visitor;  and  from 
the  roots  ofthe  thirsty  beech,  whose  overreaching  branches 
rib  the  leafy  arch,  burats  forth  a  laughing  fountain,  while  a 
goblet  standing  by  seems  to  say, "  Here  the  visitor  will  be 
thirsty  and  warm,  and  will  eagerly  refresh  himself  at  the 
cooling  spring."  The  proprietor  of  the  grounds,  though 
not  here  in  his  visible  presence,  baa  left  here  the  evidencea 
of  his  thoTigiitfulncas  and  expectation  of  a  wearied  visitor. 
Then  for  the  iii'at  time  we  spy  what  is  equally  welcome 
Ibuntain — a  basket  ^f  ripe  andluacioua  fruit. 
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revealing  itself,  like  Heaven's  blessings,  juat  at  tLe  moment 
when  nothing  could  be  more  desired.  How  well  the  owner 
of  the  premlsea  knows  how  to  minister  to  the  wants  and 
I  pleasures  of  his  guests !  Refreshed,  we  wander  on  through 
I  ft  darkly-shaded  copse,  when  a  sudden  elbow  in  the  foot- 
I  path  brings  us  to  the  rock-built  doorway  of  a  rustic  grotto. 
I  The  cool  Untela  are  hung  with  brown  and  emerald  fringes 
I  of  dew-dripping  mosses,  and  the  leaf-strewn  portal  of  the 
laky  hall  reminds  ua  of  the  cave  of  the  Cumican  SibyL 
I  The  desire  to  enter  thia  enchanted  grotto  has  been  foreseen 
I  by  the  care  which  provided  a  flight  of  half  a.  dozen  stepe, 
k  down  which  we  descend  to  the  damp,  chill  floor  of  the  Sib- 
I  ylline  abode.  The  long,  dim  hall  before  us  fades  into  in- 
I  distinctness  in  the  distance,  like  the  line  of  memoriea  re- 
I  ceding  toward  childhood's  years;  and  just  as  our  timid 
I  steps  are  about  to  be  reversed,  we  espy  some  matches  and 
[  a  taper  resting  on  a  shelf  of  rock,  and,  with  the  light  bo 
I  opportunely  provided,  explore  the  length  of  the  channii:^ 
1  little  cavern. 

Emerging  from  our  subterranean  exploitation,  we  visit, 
n  succession,  all  the  remaining  nooks   and  surprises  of 
I  the  well-plotted  grounds,  and  find  that  every  where  the 
I  thoughtful ness  of  the  proprietor  has  preceded  us,  and  ush- 
Eered  our   coming  with  the    most  intelligent  preparation. 
I  Not  the  least  admirable  of  the  arrangements  of  his  shrewd 
r  forecasting  is  his  occasional  combination  of  geometrical  fig- 
ures cnt  in  the  turf  of  a  growing  grass-plot,  or  traced  in 
the  airy  edgings  of  the  most  exquisite  flower-beds,  them- 
\  selves  the  achievements  of  geometrical  skill,  and  adapted 
[  specially  to  please  the  mind  and  fancy  trained  in  mathe- 
I  matical  forms.     The  work  itself  bespeaks  a  akillfiil  mind, ' 
1  and  equally  proclaims  an  expectation  of  educated  guests, 
I  This  lavishment  of  learned  conceptions  is  not  the  mere 
nboling  of  geuiuB  foi^its  own  amusement.    What 
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i«ee,  and  enjoy,  and  comprehend  declares  in  plainest  lan- 

lage  not  only  that  the  contriver  of  these  grounds  pos- 
sesaed  superior  intelligence,  but  that  he  expected  intelli- 
gent guests  to  visit,  admii-e,  and  enjoy  them. 

This  admirably  plotted  park  is  the  domain  of  Nature. 

lese  dark,  umbrageous  shades  and  quiet  dells  are  hers. 

lese  winding  highways  and  meandering  footpaths  are  her 
navigable  streams,  and  lakes,  and  ocean  tides.  The  rho- 
dodendron and  azalea  were  first  planted  by  the  hand  of 
Nature,  and  her  fingers  taught  the  honeysuckle  to  climb 
the  rustic  trellis  of  oaken  boughs.  Her  providence  drew 
forth  the  crystal  fountain  beneath  the  beechen  shade,  and 
her  foresight  laid  by  the  store  of  coal  with  which  we  wai-m 
And  light  our  dwellings. 

To  be  more  specific,  let  the  reader  imagine  that  the  his- 
iory  of  the  world  had  been  a  scene  of  never-ending  qtiiet. 
Suppose  a  fsar  of  inflicting  animal  sutfering  bad  laid  its 
restraining  hand  on  the  volcano  and  the  earthquake ;  sup- 
pose the  rocks  had  not  been  plowed  up,  and  the  deep  sub- 
soil of  the  earth's  crust  laid  over  in  mountain  ridges.  I  do 
not  ask  whether,  in  the  midst  of  scenes  of  such  monotony, 
the  occasion  could  ever  have  arrived  for  the  deposition  of 
the  coal.  We  will  assume  that  it  would.  I  do  not  ask 
whether,  without  eruptions  and  teiTeatrial  distresses,  the 
precious  and  the  useful  metals  would  ever  have  been  re- 
duced from  their  ores ;  we  may  assume  that  they  would. 
But  where  would  lie  our  coal  ?  Buried  ten  thousand  feet 
from  view,  man  would  never  have  learned  of  its  esistence, 
much  less  would  he  have  known  how  to  raise  it  to  the  sur- 
face. See  the  provision  of  Nature  in  breaking  up  the  coal- 
bearing  strata  and  tilting  them  on  edge,  as  much  as  to  say, 
"Lo !  here  is  your  desire ;.  search  not  in  vain ;  dig,  and  be 
satisfied  with  warmth;  drive  forth  the  hidden  energy  of 

le  abundant  water,  and  bid  the  servants  fitmished  to  youi' 


I 
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hands  execute  all  the  behests  of  your  convenience."  Had 
chance  formed  the  beds  of  coal  under  such  a  concurrence 
of  auspicious  and  beneficent  conditions,  chance  would  not 
have  brought  it  to  our  doors ;  chance  would  not  have  res- 
cued it  from  burial  beneath  the  sediments  of  a  thousand 
following  ages ;  chance  would  not  have  laid  by  in  the  same 
beds  the  ores  of  iron  which  the  coal  is  fitted  to  reduce ; 
chance  would  not  have  stored  in  the  same  relation  the  beds 
of  limestone,  to  be  used  as  a  flux  in  the  reduction  of  the 
iron  ores  by  means  of  the  mineral  coal.  See  what  provi- 
dent Nature  has  done  with  other  metals !  Was  it  accident 
that  enriched  the  upper  peninsula  of  Michigan  with  her 
wealth  of  native  copper  ?  Or  has  there  been  in  existence 
upon  our  earth  any  other  being  than  man  to  whom  these 
riches  possessed  the  least  utility  or  interest  ?  The  ores  of 
copper  lie  buried  a  mile  beneath  the  sandstones  of  the 
"  Pictured  Rocks."  The  sediments  of  unknown  cycles  of 
years  were  gathered  upon  the  beds  of  valuable  ores.  At 
length,  while  the  world  was  preparing  for  man,  a  fiery  out- 
burst threw  the  deep-buried  treasures  to  the  surface.  It 
did  more.  It  reduced  their  refractory  ores  for  the  hand 
of  man,  and  enabled  him  to  gather  directly  the  native 
metal.  Still  more.  The  same  fiery  outburst  bent  the  flinty 
rocks  into  the  form  of  a  huge  trough,  and  Heaven  sent 
down  water  to  fill  it  and  float  the  steam-sped  vessel  to  the 
copper-bearing  shore.  And  lastly,  lest  the  manhood  of  our 
race  should  be  spent  before  the  discovery  of  the  treasure, 
all-provident  Nature  broke  up  samples  of  cupriferous  rock, 
and  strewed  them  along  the  shore,  and  along  the  river- 
courses,  so  that,  when  man  should  find  them,  he  might  trace 
the  trail,  as  by  a  clew,  to  the  original  store-house  of  the  na-* 
tive  metal.  And  all  these  preparations,  and  provisions,  and 
utilities  have  no  relations  to  any  other  terrestrial  denizen 
than  man. 
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Nature  has  mined  for  us  in  gold.  Dtep  in  the  rocky  re- 
cesses of  tlie  eartli  lay  the  precious  metal.  It  must  be 
brought  to  the  light  of  day.  But  Nature  does  not  do  this 
till  the  work  of  sowing  sediments — the  seeds  of  rocky 
growth — has  been  completed  over  all  the  areas  destined  to 
be  inhabited  by  man.  Had  the  deep-treasured  gold  been 
brought  up  in  the  Mesozoic  Ages,  the  inundations  and  vi- 
cissitudes of  later  tinacB  would  have  scattered  it  over  the 
breadth  of  the  land  and  the  sea  before  our  race  had  made 
its  advent.  No  such  false  step  was  taken.  It  is  only  after 
the  Tertiary  beds  have  been  alt  deposited  that  Nature 
throws  up  innumerable  veins  of  quartz,  which  bring  along 
with  tliem  the  glittering  gold.  This  is  well ;  but  Nature 
possessed  a  qu a rtz-c rushing' machine  in  the  shape  of  a  gla- 
cier a  mile  in  thickness,  and  some  hundreds,  if  not  thou- 
sands of  miles  in  horizontal  extent,  and  this  she  drew  over 
the  projecting  veins  of  auriferous  quartz  and  ground  them 
to  powder.  These,  at  least,  are  the  general  views  put  for- 
ward by  Sir  Roderick  Mnrchison  in  regard  to  the  principal 
gold  regions  of  the  world.  The  California  geologists,  how- 
ever, aver  that  the  great  ice-plow  never  scored  the  ribs  of 
the  Sierra  Nevadas.  Nature  may  have  pulverized  the  gold- 
quartz  of  our  Western  states  and  tenitories  by  some  other 
agency.  Nevertheless,  it  has  been  crushed  and  commiou- 
ted  on  a  stupendous  scale.  When  this  work  was  done,  by 
whatever  means,  she  brought  her  gold-washing  machine 
into  requisition,  and  "jigged"  the  golden  sands  till  the  yel- 
low particles  were  well  assorted,  and  then  strewed  them 
along  the  naiTow  ravines  to  await  the  attentions  of  the 


commg  man. 

But  we  need  not  go  to  the  golden  sands  of  the  Sacra- 
mento to  read  the  anticipations  of  man  in  the  arrangements 
of  Nature.  What  is  every  well  and  spring  but  a  subterra- 
nean stream  that  has  been  beguiled  to  light  by  the  out- 
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cropping  of  the  iinpervious  floor  over  which  il  bad  flowedn 
We  need  not  attempt  to  imagine  what  would  have  result^ 
ed  were  the  rocks  left  to  rest  in  horizontal  and  continuom ' 
layers,  but  it  is  worth  while  to  recognize  the  beneficenoi 
of  that  vast  accumulation  of  loose  materials  which  v 
drift.     It  is,  as  it  were,  aa  enormous  sponge,  which  drinki 
in  the  ahowera  of  heaven,  and  stores  them  away  beyond  the  I 
reach  of  defilement  and  putrefaction  in  the  deep,  cool  reser*J 
voire  of  the  filtering  sand-beds,  so  that  it  is  almost  impi 
BJble  to  penetrate  the  dritt  to  a  depth  sufiicient  to  secure 
an  agreeable  coolness  without  obtaining  a  pleutiftil  snpplyl 
of  well-atrained  water.     So  common  and  so  vital  a  comfort 
has  been  secured  by  the  goologically-estraordiuary  deposi- 
tion of  such  masses  of  loose  materials  over  the  surfaces  ofj 
the  naked  rocks,  and  not  less  by  their  distribution  in 
of  sand  and  clay  presenting  every  possible  irregularity  ofl 
thicknesH,  extent,  and  disposition.     (See  Fig.  84.) 

These  and  multitudes  of  other  arrangements,  colloo&<  1 
tions,  stnictures,  and  products  of  a  useful  and  beneficent  I 
character,  are  so  many  indications  that  dunng  the  \oag  J 
process  of  the  world's  fitting  up — while  yet  the  human  era  1 
was  contemplated  as  we  contemplate  the  millennium — mau, 
the  nature  of  man,  and  the  wants  of  man,  constituted  afe  | 
least  one  of  the  objective  points  of  cycles  of  geolc^cal  I 
preparation. 

Finally,  it  is  eminently  worthy  of  remark  that  Natoi 
has  not  only  anticipated  the  coming  of  man,  but  has  c 
templated  the  exercise  of  human  intelligence.     How  feij 
of  the  benefits  which  N'aturo  affords  have  been  reachej 
without  study  and  thought  1     None  will  affirm  that  matter"! 
was  endowed  with  all  its  capabilities  of  benefit  to  the  hu-  ' 
1  race  without  any  design  that  those  benefits  should  ba  I 
ired  and  enjoyed.     This  is  tantamount  to  saying  that<l 

e  proviflions  of  Nature  prophesy  a  reasoning  mind.     WieJ 
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may  venture  to  go  much  farther  than  this,  and  assert  that 
the  material  of  thought  which  Nature  furnishes  is  corre- 
lated to  the  thinking  principle  in  man.  When  the  Creator 
adopted  an  intelligent  method  in  the  ordinations  of  the 
material  world,  it  was  equivalent  to  a  declaration  of  pur- 
pose to  introduce  an  intelligent  being.  And  when  the 
Creator  had  stocked  the  world  with  the  materials  of 
thought,  and  had  planted  in  it  a  being  capable  of  under- 
standing Nature,  it  was  the  obvious  purpose  of  the  Deity 
that  Nature  should  be  investigated,  and  that,  by  such  in- 
vestigations, man  should  become  not  only  wiser,  but  more 
reverent,  religious,  and  happy. 

P 


B KETCHES   OF  CREA.TIOir. 


CHAPTER  TJTHTCJ. 


THE    TOOTH    OF    TIME, 


A  FEW  woi'da  about  tlie  disintegration  of  th^ 
-^-*-  As  the  vital  force  empioys  itself  in  the  demolition  of 
the  organic  structures  and  the  Biniidtaneoiis  repair  of  aU, 
the  wastages,  so  the  gigantic  energiea  of  geology  havf 
busied  themseivea  in  one  age  or  place  in  demolishing  thj 
rocky  fabncs  consolidated  with  incredible  labor  in  anotbei 
age  or  place.  The  grain  of  sand  upon  the  rivulet's  bordei 
may  have  been  incorporated  successively  into  a  dozen  di^ 
ferent  formations,  each  in  turn  disintegrated  to  be  Jx^ 
wrought  in  the  rocky  sheets  of  the  next  succeeding  age. 

Has  the  reader  ever  inquired  whence  came  the  materialft 
for  twenty-five  miles  of  sedimentary  strata?  It  is  a  qneB- 
tion  which  geology  is  compelled  to  answer.  The  first  and 
lowest  great  system,  of  strata — the  Laurentian — is  in  Can- 
ada thirty  or  forty  thousand  feet  thick.  This  system  U 
supposed  to  embrace  nearly  the  entire  globe,  passing  beq- 
ueath the  Paleozoic,  Me sozoic,  and  Cenozoic  strata,  and  ex-^ 
tending,  probably  with  greatly  dimbished  thickness,  under 
the  beds  of  the  existing  oceans.  It  must  have  been  accih 
mulated  while  yet  the  primeval  sea  was  wellnigh  nniver* 
sal.  This  is  the  prevalent  opinion.  It  is  perfectly  pimiij' 
however,  that  these  vast  beds  of  sediment  must  have  had^ 
an  origin  in  pi'e-esisting  rocks  lying  within  reach  of  the' 
denuding  agencies  of  the  time.  How  enormous  a  bulk  of 
solid  rocks  was  ground  to  powder  to  furnish  material  for 
these  Laurentian  atiata  may  be  imagined  when  the  reader 
reminded  that  the  mean  elevation  of  North  America  i 
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but  about  twelve  hundred  feet  above  the  level  of  the  sea; 
and  it'  the  entire  continent  were  ground  to  powder  down  to 
the  sea-level,  and  distributed  over  an  area  of  the  ocean's 
bottom  equal  only  in  extent  to  North  America,  it  would 
afford  a  bed  of  strata  not  one  twentieth  the  thickness  of 
the  Laurentian  system  over  the  same  region.  Whence, 
then,  the  materials  for  ao  vast  an  accumulation  of  sedi- 
ments? Where  were  the  lands  whi^h  must  have  disap- 
peared during  the  Laurentian  Age?  Although  we  may 
not  be  able  to  indicate  their  location,  the  facts  suggested 
serve  to  remind  us  of  the  gigantic  scale  of  operations  of 
the  denuding  agencies  of  primeval  time. 

Every  succeeding  geological  age  must  also  have  had  its 
source  of  supply  to  the  contemporaneous  sediments.  The 
ever-growing  continents  were  ever  wearing  down.  As  the 
increasing  pressure  of  the  accumulating  oceans  crowded 
higher  the  HummitH  of  the  continental  axes,  the  ceaseless 
demands  of  the  insatiate  sea  for  more  sediments  wore 
thinner  and  thinner  their  denuded  scalps.  It  is  no  wonder 
that  included  fires  burst  forth  at  the  summits  of  the  high- 
est mountains.  These  are  the  exposed  points,  where  the 
earth's  crust  has  been  reduced  to  the  greatest  degree  of 
tenuity,  while  the  ocean's  floor  is  the  moat  solid  portion 
of  the  globe. 

The  outburst  along  the  southern  shore  of  Lake  Superior 
at  the  close  of  the  Potsdam  period  developed  topograph- 
ical features  of  infinitely  greater  ruggedncss  than  those 
which  now  characterize  that  region.  Kewenaw  Point,  the 
Porcupine  Moontaina,  and  the  Huron  Mountains,  as  well  as 
the  numberleaa  unnamed  knobs  still  standing  throughout 
the  region,  hate  been  gnawed  and  battered  down  for  hun- 
dreds of  feet,  and  their  once  angular  outlines  have  been 
scoured  to  a  subdued  rotundity.  The  Appalachians,  that 
once  lifted  their  multiplied  folds  to  the  heights  of  the  A 
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I  &ee,  have  been  planed  down  to  the  level  ot'tbird-rate  moim- 
I  tains,  and  the  duet  and  rubbish,  scraped  from  their  worn 
I  heads  has  been  deposited  in  the  troughs  between  the  ridges, 
I  or  Btrewu  along  the  coast  to  form  the  foundations  of  the 
I'AtlaQtic  States. 

I  The  city  of  Cincinnati  stands  upon  the  exposed  core  of 
I  the  broadest  and  most  westerly  of  these  Appalachian  folds. 
V  The  rocky  wrappings  of  this  axis  have  been  planed  down 
I  from  the  summit  till  the  Carboniferous,  Devonian,  Upper 
r  Silurian,  and  Lower  Silurian  strata  have  been  successively 
F  reached,  and  these  superincumbent  layei's  tilt  in  all  direc- 
I  tions  from  the  summit  of  the  arch.  The  graves  of  eneri- 
1  nites  and  brachiopods,  that  had  Iain  undisturbed  for  untold 
I  geological  cycles,  buiied  a  thousand  feet  beneath  oeean- 
I  slime  and  careering  waves,  and,  at  a  later  period,  beneath 
I  the  roots  of  Carboniferons  tree-ferns  and  the  mire  of  steam- 
ling  jungles — graves  of  populous  nations  of  the  olden  time 
I  — were  uncovered  and  plowed  from  their  locations,  and 
I  crumbling  skeletons  were  strewn  over  the  area  of  three 
I  etates.  So  the  spirit  of  modern  imprpvement  sonietimee 
I  lays  its  remorseless  hand  on  the  cemeteries  of  man,  and 
I  flunlight  falls  again  upon  relics  that  had  once  been  laid 
I  away  with  sacred  care.  What  veneration  fills  the  mind 
I  of  the  geologist  as  he  walks  over  this  waste  of  the  Silurian 
[  burial-vaults.  The  Ohio  has  plowed  its  way  through  the 
I  buried  city,  and  a  city  of  the  living  has  been  reared  upon 
I  the  bones  of  the  dead.  The  native  ramparts  which  wall 
r  in  the  Queen  City  upon  evei-y  side  are  but  the  bi'oken  tiers 
r  of  vaults  in  this  ancient  cemeteiy.  The  area  of  this  dese- 
I  cration  extends  to  Madison  and  Richmond  in  Indiana,  and. 
I  to  Danville  and  Richmond  in  Kentucky.  Throughout  this 
I  entire  extent  of  country  the  once  superincumbent  fonna^ 
I  tions  have  been  swept  away,  and  the  material  wrought  into 
uhe  structure  of  formations  of  Liter  date. 
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I  ascend  to  the  cupola  of  the  magnificent  state-house  at 
i  Nashville,  and  lake  a  Bun-ey  of  the  surrounding  country. 
I  On  every  side  spread  out  the  broadly  undulating  fields  of 
I  grass  and  com  into  the  illimitable  distance.     A  finer  agn- 
■  cultural  scene  was   never  witnesBcd.     A  more  beautiful 
■jandscape,  diversified  with  broad  clearings,  waving  crops, 
Btafts  of  magnolia  and  poplar,  shining  mansions,  withdi'aw- 
ing  valea,  and  purple  atmosphere,  it  has  never  been  my 
privilege  to  gaze  upon.    What  is  the  substratum  of  all  this 
i^uty  of  form  and  landscape  ?    Descending  to  the  ground, 
^^nd  myself  standing  again  upon  the  opened  sepulchres 
of  Lower  Silurian  populations.     I  go  down  to  the  bank  of 
the  Cumberland,  and  view  the  sharp-cut  walla  which  frown 
above  the  inuddy  current  a  hundred  feet  below.    Here  is  a 
deep  perpendicular  gorge  chiseled  by  the  river  through 
*he  marble  strata  of  the  Trentou  and  Cincinnati  groups. 
I  Bet  out  upon  an  exploration  of  the  charming  country 
mapped  before  me  from  the  dome  of  the  Capitol,     Travel- 
ing eastward  for  sixty  miles,  I  pass  continuously  over  an 
imdulating  exposure  of  the  same  strata.     Here  I  find  an 
outer  wall  four  hundred  feet  high,  which  bounds  this  mag- 
nificent basin  of  Middle  Tennessee  on  every  side  (Pig.  95). 
I  climb  to  the  top  of  this  wall,  and  ascertain  that  it  is  at 
this  point,  the  western  termination  of  a  series  of  overlying 
strata  of  Silurian  and  Devonian  ago,  which  to  the  west 
have  been  swept  away,  bnt  toward  the  east  form  an  ele- 
vated plateau,  through  which  the  streams  have  scored  deep 
gorges  four  hundred  feet  down  to  the  level  of  the  central 
basin. 

This  "  highland  rim,"  as  my  scientific  friend,  Professor 
Safford,  styles  it,  is  forty  miles  wide.  We  come  then  to 
the  foot  of  the  Cumberiand  Mountains — or,  more  properly, 
Cumberland  Table-land — and  ascend  a  thousand  feet  over 
the  outcropping  edges  of  Lower  Carboniferous  strata,  and 


SSSTCBMB  or  CBSATIOS. 


% 


ii 


t(^ 


\i 


find  the  hnak  of  this  higher  wall 
composed  of  beetling  escarpments 
of  the  Coal  coDgIomenit&  I  moant 
ooe  of  the  OTerhan^g  cll&a  M  Bod 
«  Air — an  old  hut  now  ruined  water- 
f  ing-place  and  sammer  resort — aad 
■=  look  down  hundreds  of  feet  upon 
£  i  the  green  tree-tops,  from  whose  aun- 
\  I  ny  Bunimits  ascends  the  chorus  of  & 
s  I  myriad  warhlers.  Far  away  to  ^^ 
E  I  west  fitretches  the  landscape  o^w 
I  :|  which  I  have  traveled,  and  its  far- 
5 1 »  ther  verge  blends  with  the  azure 
I  ^  I  which  overarches  aU.  Far  toward 
c  I  a  the  north  and  south  spreads  out  the 
;  ^S  hasin  of  Tennessee ;  aud  over  all 
3  ^i£  hangs  the  purple  haze  with  which 
j  S  j  Nature  half  conceals,  and  thereby 
\  %%  heightens  her  charaia.  Southward 
'■  §s  rise  sheer  from  the  plain  some  iso- 
sjj  lated  knoba  and  ridges,  which  mark 
J  t>  the  commencement  of  the  region 
whose  general  structure  embraces 
Lookout  Mountain,  Missionary 
Ridge,  and  similar  precipitous  ele- 
vations along  the  southern  border 
of  the  state. 

From  the  dizzy  brink  on  which  I 
stand  stretches  eastward  a  cool  and 
salubrious  tahle-land,  known  as  the 
Cumberland  Table-land,  marked  by 
a  soil,  and  forest-growth,  and  cli- 
mate as  distinct  from  those  of  the 
basin  below  as  Wisconsin  from  tho 
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prairie  region  of'EIinois.  The  underlying  strata  are  nearly 
liorizontaL  Why  now  do  they  tei'mijiate  bo  abruptly  at 
the  mamjtain  wall  which  we  scale  to  reach  Bod  Aii-  ?  The 
out  margins  of  these  mountam  rihs  lie  exposed  and  pro- 
trudbg  from  base  to  summit  of  the  laborious  ascent.  Did 
Nature  form  them  originally  thus  ?  We  ai-e  forced  to  con- 
clude that  these  mountain  sheets,  like  those  under  the 
"highland  rim,"  once  extended  westwai'd  over  the  basin 
of  Tennessee,  and  have  been  scooped  out  by  some  tremen- 
ageney  appointed  by  Nature  to  furnish  materials  for 
the  states — then  future — of  Georgia,  Alabama,  and  Missis- 
sippi. The  Cumberland  Table-laud  and  the  abrupt  knobs 
aJ>out  Chattanooga  are  not  upheavals,  but  linos  of  relief. 
It  is  the  valleys  that  have  been  made,  and  not  the  moun- 
tains. The  mountains  are  landmarks — "benchmarks"  the 
'■engineer  might  say — showing  the  former  level  of  the  en- 
tire region. 

If  we  travel  westward  or  northward  from  Nashville  we 
find  the  basin  walled  in  by  the  "  highland  rim,"  though  it 
is  only  on  the  east  that  the  pile  of  strata  rises  so  high  as 
to  bring  us  within  the  limits  of  the  Coal-measures.  Here, 
then,  is  one  of  the  most  stupendous  examples  of  geological 
denudation.  WTiat  the  precise  nature  of  the  agency  by 
which  this  work  was  done  we  can  only  conjecture.  Eq^ual- 
ly  uncertain  is  the  precise  date  of  the  work.  We  can  only 
say  that  it  was  performed  between  the  close  of  Paleozoic 
Time  and  the  present,  but  as  to  the  reality  and  almost  in- 
calculable vastness  of  the  work  we  have  no  room  to  doubt. 
Neither  can  we  fail  to  see  that  such  enormous  excavations 
must  have  been  in  progress  in  all  ages,  to  furnish  the  requi- 
site amount  of  materials  for  formations  of  continental  ex- 
tent, and  attaining  a  thicknesa  of  hundreds  or  thousands  of 
feet. 

I  have  already  alluded  to  the  monuments  of  destructive 
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action  around  the  Bhores  gf  the  great  lakes.  Even  mimic 
oceans  like  these,  in  the  era  of  their  strength,  have  per- 
formed labors  which  excite  our  astonishment.  And  that 
Titanic  power  which  geology  dimly  pictures  to  us  as  mov- 
ing in  glncier-masses  from  parallel  to  parallel,  riding  over 
primeval  forests,  obliterating  ancient  river-beds,  plow-in"- 
out  lake-basins  to  the  depth  of  nine  hundred  feet,  and 
crushing  to  powder  countless  cubic  miles  of  obdurate 
granite  and  quartz — that  power  of  which  we  can  little  more 
than  dream,  though  the  records  of  its  marvelous  march  are 
scattered  about  on  every  side — a  power  wliich  may  have 
been  summoned  into  exercise  at  more  than  one  period  in 
the  world's  history — that  power  whose  movement  was  re- 
sistless as  fate,  and  destructive  as  the  crash  of  worlds,  can 
servo  at  least  to  impress  our  minds  with  the  energy  of  geo- 
logical agencies,  and  the  resources  at  Nature's  hand  for  the 
Boooping  of  lake-basins,  the  carving  of  mountain  cliffs,  or 
the  scraping  out  of  the  bowels  of  the  Stale  of  Tennessee. 

Even  the  humble  river-stream — humble  by  comparison, 
but  terrific  as  Niagara  in  unwasting  and  untiring  power — 
has  accomplished  work  at  which  the  highest  imman  engi- 
neering stands  appalled.  The  Kentucky  and  the  Cumber- 
land, in  traversing  the  states  which  they  drain,  have  worn 
their  channels  to  the  depth  of  hundreds  of  feet  below  the 
general  level  of  the  country.  Some  of  the  wildest  and 
most  attractive  scenery  of  the  continent  lies  along  the 
Kentucky,  from  the  mouth  of  Blickmau'a  Creek  in  Garrard 
County,  to  Dix  River  and  Coger's  Ferry  in  Mercer  County. 
Even  the  smallest  streams  have  aped  the  pretentious  labors 
of  the  larger,  and  have  succeeded  in  opening  their  narrower 
gorges  through  two,  three,  and  four  hundred  feet  of  the 
blue  limestone  of  the  blue-grass  lauds  of  Kentucky  and 
Tennessee. 
"     But  these  all  are  pigmy  works  compared  with  those  of 
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the  streams  which  traverse  the  "  Great  American  Desert," 
For  the  moat  vivid  descriptions  of  the  geology  of  this  for- 
saken region  we  are  indebted  to  Dr.  Newberry,  the  geolo- 
gist of  Ives's  Colorado  Expedition  under  the  general  gov- 
ernment. The  surface  formations  are  mostly  of  later  Car- 
boniferous and  Mesozoic  age,  interrupted  at  intervals  by 
mountain-like  outbursts  of  volcanic  origin.  The  region  is 
a  vast  plateau  stretching  for  hundreds  of  miles  in  either 
direction  {Fig.  96),  The  floor  of  the  plateau  is  a  mass  of 
horizontal  strata.  Far  in  the  hazy  horizon  may  be  seen 
the  bold  wall,  which  rises  to  a  more  elevated  table-land 
composed  of  overlying  strata.  These  higher  strata  were 
once  continuous  over  the  surface  of  the  lower  plateau,  bat 
have  been  swept  off  by  denudation.  Still  farther  in  the 
horizon  looms  up  another  gigantic  terrace,  rising  to  the  up- 
per plateau  of  the  desert.  The  traveler  journeying  across 
this  apparently  monotonous  and  desert  plain  finds  himself 
suddenly  standing  on  the  brink  of  a  precipice.  It  is  the 
wall  of  a  deep  gorge.  Down  into  this  gloomy  chasm  he 
endeavors  to  cast  a  look.  It  is  like  a  vertical  rent  through 
the  strata  to  the  appalling  depth  of  more  than  a  mile. 
Far  down  at  the  bottom  winds  the  sky-lighted  stream 
which  has  executed  this  tremendous  piece  of  engineering, 
quiet  now  as  a  lamb,  but  in  spring-time  roaring  and  de- 
structive as  a  lion.  This  is  the  Colorado.  Its  immediate 
banks  are  fringed  at  intervals  by  a  narrow  border  of  grass, 
and  these  meagre  grass-plots  down  in  the  rocky  cleft  are 
the  occasional  abode  of  the  desert  Indian.  Tlie  great  Black 
Canon  of  the  Colorado  is  a  gorge  with  perpendicular  walls 
of  rock  three  hundred  miles  long,  and  from  three  thousand 
to  six  thousand  feet  high  !  The  lateral  streams  have  cut 
similar  gorges,  and  these  almost  impassable  chasms  con- 
stitute formidable  difficulties  in  traversing  the  country 
(Fig.  fl").     The  Colorado  has  cut  through  the  entire  series 
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of  formations,  and  sunken  a  thousand  ^t  iuto  the  solid 
granite.  The  section  of  the  rocks  in  the  gorge  shows 
above  the  granite  two  or  three  thousand  feet  of  paleozoic 
saDclstonGS,  shales,  and  limestones,  one  thousand  feet  of  sub- 
carboniferoua  limestones,  and  twelve  huodi-^d  feet  of  car- 
boniferous sandstone  and  limeatone.  Higher  up  the  stream 
the  section  extends  up  through  the  Triassic  and  Cretaceous 
systems. 

What  ffions  have  rolled  by  while  this  nu paralleled  i-iver- 
woi-k  has  been  in  progress !  And  yet  this  work  must  have 
been  limited  to  the  later  ages,  since  the  gorge  cuts  through 
Cretaceous  strata.  There  was  a  time,  during  the  Cenozoic 
ages,  before  yet  the  ridgea  of  the  Rocky  Mountains  had 
been  elevated  to  their  present  altitudes,  when  this  vast 
desert  had  just  become  dry  land — upheaved  from  the  re- 
cent bottom  of  the  Cretaceous  sea.  Now  the  Colorado  be- 
gan to  gather  its  fopeea  and  to  irrigate  the  surface  of  the 
new-formed  land.  Now  began  the  great  caiion;  but  for 
many  ages  the  surface  features  of  the  region  were  normal; 
and  not  improbably  it  was  clothed  with  a  soil,  and  watered 
by  streams  which  sustained  a  luxuriant  growtli  of  vegeta- 
tion. But  man  was  slumbering  in  the  voiceless  future,  and 
lazy  reptiles  held  possession  of  the  fair  domain.  Vast,  then, 
as  is  the  work,  and  vast  as  must  have  been  its  duration,  its 
commencement  can  date  back  but  to  the  end,  or,  at  farthest, 
to  the  beginning  of  Cenozoic  Time. 

Who  can  tell  but  similar  gorges  have  been  cnt  in  the 
strata  of  more  eastern  states.  Here  was  land — permanent 
land — covered  with  vegetation,  while  yet  the  great  desert 
was  but  oflean-slime.  Here,  too,  were  rivers — rivers  like 
the  Ohio  and  the  Mississippi— with  their  numerous  tribn- 
What  prevented  these  streams  from  scoring  the 
(rata  to  the  depth  of  ten  thousand  feet  ?  We  know  that 
bring  iM^^^^^^JtNiiig.ira  cut  an  ancient  gorge.    We 
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kuow  that  an  ancient  river-bed  stretches  from  Lake  Michi- 
gan down  through  the  valley  of  the  Illinois.  The  subter- 
ranean explorations  of  the  well-borer's  auger  have  disclosed 
multitudes  of  ancient  gorges  which  are  now  filled  up  withr 
drift.  If  such  tremendous  gorges  were  ever  cut,  they  were 
filled  up  and  obliterated  by  the  great  glacier.  And  may 
not  this  reparation  of  the  surface  have  been  one  of  the  be- 
neficent operations  of  the  glacier?  We  are  told  no  glacial 
action  is  detected  west  of  the  Rocky  Mountains.  Had  the 
great  glacier  been  moved  over  the  deep-cut  gorges  of  the 
great  desert,  they  must  have  been  filled  and  blotted  out, 
and  the  new-formed  streams,  on  the  advent  of  man,  would 
have  been  just  in  the  act  of  surveying  new  channels  for 
themselves.  The  bare  rock  would  have  been  clothed  with 
soil,  and  the  "  desert"  might  have  been  the  garden  of  the 
continent. 
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THE  history  of  our  race,  traced  back  a  few  thoosani 
yeai-Sjloaea  itself  in  traditions  and  myths.  We  e 
down  out  of  a  cloud  of  obscurity,  in  which  we  can  just  d 
cero  the  rude  forms  of  men  clad  in  skins,  fi'equenting  thd^ 
caves  of  wild  beasts,  faHhioning  rude  pottery,  and  practiJ 
cing  in  the  chase  with  the  primeval  bow  and  arrow.  Oan 
of  the  haze  which  hangs  over  the  verge  of  antiquity  comd 
Bounds  of  conflict  in  arms,  pseana  of  peace,  hymns  to  relic 
ion,  and  the  hum  of  barbaric  industry.' 

Our  written  histoiy  does  not  extend  hack  to  the  oiighc 
of  man.     The  Mosaic  records,  which  are  undoubtedly  tha 
oldest  of  our  authentic  documents,  represent  the  west* 
portion  of  Asia  as  swarming  with  a  population  tolerably  I 
advanced  in  the  arts  at  a  period  twoflr  three  thoasand 
years  antecedent  to  our  era.     Tliei-c  was,  consequently,  a  J 
long  interval  of  human  history  still  anterior  to  this  date.1 
What  destinies  befell  our  race — how  did  they  live,  wbithei 
did  they  wander,  during  that  prolonged  infancy  of  which — 
Revelation  aside — we  have  no  other  information  than  each-  j 
as  we  have  gleaned  of  the  Mastodon,  the  Megatherium,  or  4 
the  ZeuglodoD  ? 

The  quickened  intellectual  ^tivity  of  the  modem  age 
laa  started  new  and  interesting  inquiries  in  this  direction, 
are  no  questions  which  more  profonadly  interest  ua 
'■"  "-'Story  of  primeval  man.     The  investigation  has 
\r  beyond  the  limits  of  the  most  ancient  writ- 
It  lias  passed  over  the  remoter  domain  of 
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Hi'cliiBology  ami  stopped  upon  the  ground  consecrated  to  ' 
tho  roscai'chos  of  geology. 

The  chief  aoiirces  of  our  information  respecting  the  earli- 
ert  periods  of  humun  history  are,  Ist.  The  remains  of  mm 
liimM'lf,  whii'U  li^ve  been  found  in  caves  or  buried  in  de- 
ponits  of  gravul  or  peat.  2d.  Human  worts,  of  which  we 
hiivc  tlic  Ho-callud  Druidical  remains  of  Great  Britain  and 
other  countries,  known  as  dolmens  or  cromlechs — mde  , 
mogitlithic  moiiumcDts  of  unhewn  stone,  which  we  now*! 
know  to  lio  iintnciit  tombs.  Otber  human  works  more  I 
abunduut  and  more  universally  distributed  are  implements  ■■ 
of  wiir,  of  tlie  ohiisp,  of  industry,  or  of  ornament.  These  i 
uro  foiinil  in  gmvel-beds  along  the  valleys  of  rivers  or  at  J 
ihuir  uioutha ;  In  peat  beds ;  in  caves,  and  among  the  ro--| 
fuse  piles  contiguous  to  the  camping  or  dwelling-places  of  I 
trihoa  wliioli  subsisted  partly  upon  moUuaca.  These  refusel 
Iidapn  arc  composed  mostly  of  ehella  of  recent  species,  bonea  J 
of  donu'stio  or  wild  animals  suitable  for  food  or  service,  J 
IVfldinonts  of  pottery,  arrow-heads,  fish-hooks,  stone  imple-  J 
meiitfl,  ornaments,  and  tlie  like.  A  vast  supply  of  the  rel-S 
\m  of  primeval  man  has  been  obtained  from  the  pilc-hab^ 
itations,  or  nneient  dwellings  constnictcd  upon  platform^! 
supported  by  piles  driven  in  the  water.  The  dredging  ofl 
tlie  bottoms  of  these  lakes  has  brought  to  light  immena^l 
quantities  of  the  remains  of  pre-historic  art  and  industryfl 
ltd.  Thr  manner  in  which  the  relics  of  man  are  associatcjl 
wit!)  those  of  other  animals  enables  us  to  extend  to  our^ 
I'lice  many  of  the  generalizations  deduced  in  reference  to  I 
the  earlier  history  of  the  existing  fauna.  Lastly,  the  na-fl 
lure  and  magnitude  of  the  geological  changes  which  have.  J 
tranapii'cd  during  the  existence  of  man  thi-ow  some  light.  J 
.  upon  Iho  antiquity  of  the  race,  M 

I     \ks  in  the  history  of  organic  life  in  general,  so  in  the  g<^| 
^^J^ftl  history  of  man,  w«  Und  him  mounting  fromliuM^H 
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to  higher  manifestations  in  the  progress  of  the  ages.  There 
seema,  however,  to  be  a  fundamental  diS'ereDce  in  the  two 
kinds  of  progreaa.  With  the  lower  animals  it  is  a  struc- 
tural advance ;  with  man,  an  education.  With  the  foi-mer 
the  Bteps  of  the  advance  are  marked  by  successive  species ; 
with  man  By  successively  higher  attainments  of  the  intelli- 
gence. With  the  other  vertebrates  the  liighoat  is  structur- 
ally different;  with  the  succession  of  human  races,  the 
highest  and  the  lowest  are  structurally  identical. 

Archaeologist  a  distinguish  three  ages  in  the  history  of 
man — the  Age  of  Stone,  the  Age  of  Bronze,  and  the  Age 
of  Iron.  In  the  Age  of  Stone,  the  uses  of  the  metals  had 
not  been  discovered,  and  human  implements  «'ere  con- 
Ktructed  of  flint,  serpentine,  diorite,  argiUite,  and  other  suit- 
able rocks.  In  the  Age  of  Bronze,  implements  of  bronze 
began  to  be  introduced,  and  we  descend  to  the  verge  of 
historic  times.  The  Age  of  Iron  is  characterized  by  the 
use  of  that  metal,  and.-the  arts  and  industries  of  the  most 
advanced  civilization. 

Most  anthropologists  are  inclined  to  subdivide  the  Age 
of  Stone  into  two  or  three  epochs.  Vogt,  Lartet,  and 
Christy  divide  it  into  two :  first,  the  Cave-Bear  Epoch,  or 
epoch  of  hewn  stone  implements  ;  secondly,  the  Reindeer 
Epoch,  or  epoch  of  polished  stone  implemeuts,  carved  and 
artfully  decorated  bones,  and  other  evidences  of  "  a  very 
intelligent,  art-endowed  race  of  men," 
I  It  is  not  by  any  means  certain,  however,  that  these  two 
I  epochs  were  successive.  The  moi'e  skilled  workmen  of  the 
Reindeer  Epoch  may  have  lived  contemporaneously  with 
the  Cave-Bear  men,  as  natives  of  all  degrees  of  civilization 
have  co-existed  upon  the  earth  in  all  ages.  Neither  is  it 
(uppoBed  that  the  three  ages  rppreeent  three  stages  of  hn- 
[  man  civilization,  each  of  which,  in  turn,  has  been  worl.l- 
We  find  simply  that  in  tK*        ory  of  every  race 
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I  there  is  a  Stone  Age ;  and  if  the  race  advances,  this  is  fol- 
I  lowed  by  an  Age  of  Bronze,  and  this  by  an  Age  of  Iron. 
I  gome  Eastern  nations  passed  out  of  their  Stone  Age  three 

■  thonsand  years  or  more  hefore  the  Christian  era.     Some 

■  of  the  peoples  of  Central  and  Northern  Europe  were  in 
|-their  Stone  Age  when  Ciesar  sabjugated  Gaol.     The  Sand- 
I  wich  Islanders  were  in  their  Stone  Age  when  first  visited 
[■by  Capt.  Cook,  while  the  Esquimaux  and  the  North  Amer- 
I'ican  Indians  generally  are  still  in  their  Stone  Age,     The    I 
I  Age  of  Stone  is  simply  the  stage  of  infancy.     Different    J 
I  peoples  have  emerged  at  different  epochs  from  the  state  of  J 
I  national  infancy.  I 
I     When  man  first  made  his  advent  in  Europe,  that  conti-  I 
Ifnent  was  stilt  the  abode  of  quadrupeds  now  long  extinct.  1 
I  The  contemporaries  of  man  in  the  Ilewn-stone  epoch  were  1 
I  the  Cave-Bear  { Vrsiis  spdmtis),  followed  by  the  Cave-Hy-  I 
I.eDa  {Hyena  apelma)  and  the  Cave-Lion,    These  gradually  I 

■  gave  place  to  gigantic  berbivores-^the  Hairy  Mammoth  I 
m\Elephas  primiffenius),  the  Hairy  Rhinoceros  {Rhinoc^os  I 
wtichoritiua),  and  the  Reindeer.  The  mammoth  roamed  in  1 
Kherds  over  the  whole  of  Europe,  Northern  Asia,  and  even  I 

■  Jforth  America.      The  hairy,  or  two-horned  rhinoceroB,  I 

■  in  company  with  another  two-homed  species,  thundered  I 
Ithrough  the  forests,  or  wallowed  in  the  jungles  and  swamps.  I 
i  The  rivers  and  lakes  of  Sonthem  Europe  were  tenanted  by  I 
I  hippopotami  and  beavers — the  former  as  huge  and  an-  I 
[  wieldy,  and  with  tusks  as  large  as  any  which  terriiy  the  I 
I  African  Bushman.  Three  kinds  of  wild  oxen,  two  of  I 
I  'which  were  of  colossal  strength,  and  one  of  these  "  maned  I 
B^and  villous  like  the  Bonassns,"  grazed  with  the  marmot,  I 
Bsnd  wild  goat,  and  chamois  upon  the  plains  which  skirt  the  I 
KMediterranean.  The  musk-ox  and  the  reindeer  browsed  I 
nn  the  meadows  of  Perigord,  in  the  south  of  France,  while  I 
Ml  gigantic  elk  {Megacerog  hiherniciiB)  ranged  from  Ireland  I 
Bo  the  borders  of  Itals^Fi^.  90).  I 
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That  these  animals  lived  as  con  temp  orariea  of  man  is 
pi'oven  by  two  classes  of  evidence.  In  the  first  place,  the 
bones  of  man  and  the  relics  of  his  industry  are  found  pre- 
ed  in  the  same  sitnations  as  the  bones  of  these  extinct 
[nadrnpeds.  In  1828,  Toumol  and  Christol  disclosed  the 
i.coexistence  of  such  remains  In  the  caves  of  the  south  of 
France ;  and,  somewhat  later,  Schmerling  described  from 
,oaves  in  the  environs  of  Li&ge,  bones  and  even  crania  of 
men,  together  with  arrow-beads  and  other  articles  envel- 
oped in  the  same  stalagmites  with  the  remains  of  the 
mammoth,  rhinoceros,  cave-bear,  cave-hyena,  and  other  an- 
imals. A  similar  association  of  remains  has  been  observed 
by  Austen  in  the  celebrated  cave  of  Kent's  Hole,  near 
"Torquay,  in  England.  More  recently  stDJ,  more  import- 
it  discoveries  have  been  developed  by  M.  Lartet  from 
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caves  in  the  south  <jf  France.  In  1841,  M.  Boucher  de 
Perthea  piiblished  to  the  .world  an  account  of  human  re- 
maiiia  found  buried  in  the  valley  of  the  Somme,  near  Abbe- 
ville, in  company  with  the  bones  of  extinct  species  of 
quadrupeds.  lu  1843  M.  Melleville  reaffirmed  these  dis- 
coverieB,  and  in  1644  M.  Aymard  presented  new  facts  dis- 
closed by  explorations  upon  the  slope  of  the  mountain  of 
La  Deniae,  near  Puy.  In  1 853  Dr.  RigoIIot  annouuced  the 
discovery  at  St.  Acheul,  near  Amiens,  of  hatchets  and  arti- 
cles in  cut  stone,  found  imbedded  in  the  same  gravel  de- 
posit with  the  foasil  remains  of  the  hairy  elephant,  rhinoce- 
ros, and  extinct  ox.  Similar  discoveries  have  been  report- 
ed from  Spain,  Italy,  Greece,  Syria,  and  England.  In  the 
United  States  we  detect  also  some  evidences  of  the  coex- 
istence of  man  and  extinct  species  of  quadrupeds.  Dr. 
Koch,  the  reconstructor  of  the  Tertiary  Zeuglodon,  insisted 
long  ago  that  he  had  found  in  Missouri  such  an  association 
of  mastodon  and  Indian  remains  as  to  prove  that  the  two 
liad  lived  contemporaneously.  I  have  myself  observed  the 
bones  of  the  mastodon  and  elephant  imbedded  in  peat  at 
depths  so  shallow  that  I  could  readily  believe  the  animals 
to  have  occupied  the  country  during  its  possession  by  the 
Indian;  and  gave  publication  to  this  conviction  in  1862. 
More  recently,  Professor  Holmes,  of  Charleston,  has  ic- 
formed  the  Academy  of  Natural  Sciences  of  Philadelphia 
that  he  finds  upon  the  banks  of  the  Ashley  River  a  remark- 
able conglomeration  of  fossil  remains  in  deposits  of  post- 
tertiary  age.  Remains  of  the  hog,  the  horae,  and  other 
animals  of  recent  date,  together  with  human  bones,  stone 
arrow-heads,  hatchets,  and  fragments  of  pottery,  are  there 
lying  mingled  with  the  bones  of  the  mastodon  and  extinct 
gigantic  lizards. 

Contemporary  with  these  AmeHcan  animals,  hut  not  yet 
.  found  associated  in  their  remains  with  the  relics  of  the  hn- 
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man  species,  liveiJ,  in  North  America,  horses  much  larger 
thau  the  existing  species,  grazing  in  company  with  wild 
oxen,  and  herds  of  bisons  {Bison  ktUfrons),  and  shrub- 
loving  tapirs  (Tapii-ua  Americanus),  The  streams  were 
dammed  by  the  labors  of  gigantic  beavei-s  ( Gastorotdes 
Ohiensis),  while  the  forests  affordiri  a  range  for  species 
of  hog  (^DieotyUs),  and  a  grateful  dwelling-ph 
merous  edentate  quadrupeds  related  to  the  sloth,  but 
gigantic  proportions. 

In  the  next  place,  evidences  of  the  contemporaneity  of 
man  with  species  of  quadrupeds  now  extinct  are  found  in 
carved  and  deftly-fashioned  implements  and  other  articles 
made  of  the  horns,  bones,  and  teeth  of  these  animals,  and 
especially  by  representations  of  the  outlines  of  many  of 
them  executed  upon  ivory,  bone,  horn,  and  slate.  The 
most  remarkable  discoveries  of  this  kind  have  been  made 
by  M.  Lartet,  in  1 864,  in  the  ca-ves  of  Perigord,  in  the  SOIith 
of  Franca  In  the  midst  of  the  soil  and  dibris  with  which 
the  bottom  of  these  caves  is  covered  have  been  exhumed 
various  etchings  of  animals,  executed  on  pieces  of  the  horns 
of  the  deer  and  the  ivory  of  the  elephant.  One  of  these 
sketches  represents  a  deor,  one  the  head  of  a  wild  goat,  an- 
other an  elk  allied  to  the  moose,  another  the  head  of  a  rein- 
deer, iinother  the  head  of  a  wild  boar,  and  still  another 
nearly  the  entire  outline  of  the  hairy  mammoth  (Fig.  100), 
which  confoiTus  marvetoualy  with  the  restoration  of  this 
proboscidean  published  by  the  Russian  naturalist  Brandt. 
There  can  be  no  question  but  that  the  artists  were  person- 
ally acquainted  with  the  animals  which  they  outlined  (.Fig. 
10l|l> 

As  we  descend  to  the  epoch  of  the  Reindeer  folk,  the 
principal  change  in  the  fauna  of  Europe  consists  in  a  dimi- 
nution of  the  number  of  carnivores  and  an  increase  of  the 
ruminants.    The  mastodon,  elephant,  reindeer,  elk,  and  oth- 
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or  large  ruminants  still  survived.  Slcssrs.  Christy  and  I,ar- 
tet  found  a  vertebra  of  a  young  reindeer  transfixed  by  a 
flint  arrow-head.    Ornaments  made  of  teeth  have  been  dis- 
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covered,  and  from  several  caves  Iiave  been  obtained  bone 
whiBtles,  formed  by  borirg  tbe  cai-pal  and  tarsal  bones  of 
mrainating  quadrupeds.  A  sculptured  dagger,  made  of  a 
single  piece  of  reindeer's  horn,  attests  the  contemporaneous 
existence  of  that  animal  in  the  south  of  Finance.  A  cylin- 
drical tool  found  in  the  same  vicinity  bears  upon  one  side 
the  heads  of  two  aurochs,  while  upon  the  other  are  tbe  pro- 
files of  two  horses,  with  :i  huiiiaii  f:icu  between  them. 


F!g,  101.  The  H^r7  Hammoth  {Bltphai  pHmigtniwi] 


kThe  exploration  of  the  dolmens,  or  monuments  ofenor- 
3UH  anhewn  stones,  so  abundant  in  France,  England,  and 
andinavia,  but  unmentioned  in  the  most  ancient  history 
these  countries,  shows  them  to  have  been  constructed  by 
m  of  the  Reindeer  Epoch.  Some  of  them,  from  the  pres- 
ence of  polished  stone  and  even  of  bronze  implements,  be- 
long evidently  to  the  closing  stage  of  this  epoch,     These 
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megalitfiB  havG  been  found  not  only  in  the  regions  ancient^ 
]y  inhabited  by  the  Celts,  but  also  in  Syria,  Africa,  aud  evei 
in  Hindoatan. 

A  similar  association  of  human  relics  with  the  bones  ofj 
quadrupeds  occurs  in  the  turf-pits  of  Denmark,  and  t 
^Ejcek  kenmtxddings  of  Denmark  and  Sweden.  The  onin 
extinct  animals  recognized  in  the  latter  are  the  lynx  ana 
uni8,  though  bones  of  the  hog  and  dog  are  also  common.  ' 

,To  the  latter  part  of  the  Reindeer  Epoch  belong  also  tha  \ 
pile-structures  discovered  in  the  lakes  of  Switzerland,  The  J 
only  extinct  species  are  the  elk,  the  aurochs,  and  the  urua,  J 
Remains  of  stiU-existing  species,  as  the  brown  bear,  the  I 
badger,  tlie  pole-cat,  the  otter,  the  wolf,  the  dog,  the  fox,J 
wild-cat,  beaver,  wild  boar,  goat,  and  sheep,  exist  in  j 
abundance  in  the  deirh  dredged  from  the  bottoms  of  t 

Of  the  animala  thus  shown  to  have  lived  contempoi'an« 
ously  with  primeval  man  upon  the  continent  of  EnropM 
the  cave-bear,  cave-hyena,  tiger,  mammoth,  mastodon,  and 
others  of  less  importance  became  extinct  before  the  dat^ 
of  written  history ;  but  these  extinct  quadrupeds  had  Uvea 
contemporaneously  with  others  which  have  come  down  t 
historic  times.     The  reindeer,  referred  to  by  Ctesar  in  J; 
Commentaries,  is  thought  to  have  survived  in  Northerd 
Scotland  as  late  as  the  twelfth  century ;  the  Irish  elk  exj 
isted  up  to  the  fourteenth  century;  the  reindeer  continneq 
in  Denmark  till  the  sixteenth  century ;  the  urus  lingere 
in  Switzerland  up  to  the  sixteenth  century;  the  bison  stil 
survives  in  Lithuania,  and  the  wild  hoar  is  abundant  i 
Central  Europe. 

It  is  commonly  supposed  that  the  Reindeer  folk  were  tin 
successors  of  the  Cave-Bear  folk;  but  Dr.  Packard  haa  vei 
plausibly  suggested  that  they  may  have  lived  contempori 
aeously,  side  by  side.     "  The  Reindeer  folk  may  have  1 
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habited  tlie  upper  valleys  and  hills  near  the  Mps  and  Py- 
renees, which  send  spurs  into  Southern  and  Central  France. 
They  were  perhaps  mountaineers,  and  the  animals  associar 
ted  with  them  and  most  characteristic  of  the  period  wero 
Alpine  and  northern  species.  *  •  *  Their  neighbors, 
the  Flint  folk,  or  Lowlanders — a  taller  and  stronger  race—" 
meantime  inhabited  the  plains  of  Northern  France  and  Bel- 
gium, England,  and  Germany,  and  the  fauna  was  made  up 
of  the  mammoth,  mastodon,  rhinoceros,  boree,  cave-bear 
(which  was  more  abundant  than  with  the  Reindeer  peo- 
ple), bison,  aurochs,  and  deer,  which  inhabited  the  more 
genial  and  fertile  plains." 

The  geological  status  of  the  continents  on  man's  first 
appearance  was  unique.  They  had  just  emerged  from  the 
reign  of  ice  The  glaciers  had  begun  to  retreat,  but,  ex- 
cept in  Southern  Europe  and  Middle  Asia,  the  climate  was 
fitiil  rigorouB.  The  hairy  elephant  and  rhinopcros,  clad  in 
winter  furs,  as  well  as  the  fur-clad  hear  and  hyena,  found  a 
fitting  abode  upon  the  shores  of  the  Atlantic  and  Meditei^ 
ranean.  The  mannot,  the  wild  goat,  and  the  chamois,  now 
confining  themselves  to  the  cold  peaks  of  the  Alps  and  the 
Apennines,  lived  then  upon  the  lowlands  of  France  and 
Spain.  The  musk-ox,  in  Sdr  day  restricted  to  the  regions 
beyond  the  sixtieth  parallel  of  latitude,  grazed  in  the  cold 
marshes  of  Dordogne.  On  the  American  continent,  the 
subsidence  which  terminated  tlie  reign  of  frost  was  not  ar- 
rested till  a  large  portion  of  the  United  States  had  been 
again  submerged ;  and  on  the  Oriental  continent  the  indi- 
cations of  northern  depression  are  equally  unmistakable 
and  equally  extensive. 

The  moment  that  the  last  revolutionary  visitation  had 
come  to  an  end — while  yet  the  lands  had  become  scarcely 
stable  in  their  places-— man  seems  to  have  suddenly  made 
.his  appearance  among  the  beasts  of  the  earth,  and  to  have 
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moved  aiaamg  tbem  and  controlled  them  n-itli  a  conaciooflfl 
and  ancontested  superiority.  Let  ub  Bee  what  oan  bajfl 
learned  of  the  habits  and  endovrments  of  this  primeystfl 
man.  I 

Was  primeval  man  created  in  Europe,  where  we  havBl 
Hlie  earliest  traces  of  his  existence,  or  was  he  here  an  emi'l 
grant  from  the  East?  In  answer  to  thia  question  we  can  J 
produce  no  decisive  facts.  There  are,  however,  considerft-'l 
tiona  of  weight.  In  all  the  later  epochs,  even  of  the  .Age  M 
of  Stone,  there  was  evidently  a  continuous  migration  from  ■ 
the  direction  of  the  Asiatic  hive.  The  movement  of  popD-<l 
lation  has  always  been  westward  in  regions  to  the  west  of  I 
the  Orient,  and  it  has  always  been  eastward  in  regions  to  ■ 
the  east  of  the  Orient.  The  westward  wave  overflowed  m 
Europe,  and  in  later  days  crossed  the  Atlantic.  The  east-  I 
ward  wave  populated  Tartary  and  China,  and,  as  may  be  m 
presumed,  dashed  across  the  Straits  of  Eehring,  and  flooded  '1 
the  Americap  continent  at  a  remote  period.  To  say  tbel 
least,  till  the  American  shores  were  reached  by  the  weat^| 
ward  wave  from  Europe,  the  tide  of  population  in  Americf^H 
had  always  set  from  north  to  south.-  The  primeval  inha^^| 
itants  of  North  America  were  Asiatics  in  tlieir  feature^l 
their  language,  and  their  artsf  and  tradition  speaJiE  c^H 
them  as  moving  from  the  direction  of  Asia,  These  mov^H 
ments  of  human  populations,  hke  radiating  streams,  iro^H 
the  western  part  of  Asia,  certainly  afford  a  presumnUi^H 
that  the  only  people  of  whose  movement  we  have  n^h^H 
history,  tradition,  nor  buried  monument,  proceeded  alfl^H 
from  the  direction  of  the  Orient.  ^H 

From  the  same  quarter  of  the  world  proceeded  most  o^M 
our  domestic  animals  and  plants,  and  in  the  same  qoaite^l 
of  the  world  the  perpetually  uttered  prophecies  of  the  g4^| 
ologic  ages  proclaimed  that  the  line  of  animal  life  Bhonlt^l 
bave  Its  culmination.     We  have,  then,  strong  preeumptit^l 


PSIMEYAL  MAfT.  303 

evidence  that  the  men  of  the  Stone  Age  were  brethi'en  of 
the  men  who  came  afterward  from  the  East  and  taught 
them  the  use  of  the  metals,  and  eventually  displaced  them, 
from  the  fertile  plains  and  valleyB  of  Southern  Europe.  It 
seems  reasonable  to  suppoee  that  the  Iberian  tribes  and 
the  savage  Liguriane,  subjugated  by  the  Romans,  and  de- 
scribed by  Ciesar  as  dwelling  in  caves,  may  have  been  the 
southern  representatives  of  the  primitive  folk,  while  the 
Finns  and  Lapps,  as  Nilsson  suggests,  may  be  the  more 
mo'dern  and  naore  northern  representatives  of  the  same 
folk,  retreating  northward  with  the  retreat  of  the  glacial 
fauna  which  followed  the  retreat  of  the  glaciers.  From 
the  northern  shores  of  Europe  and  Asia  the  same  folk 
crossed  to  America ;  and  the  Esquimaux  and  North  Amer- 
ican Indians  are  the  Stone  folk  in  America,  still  following 
the  pursuits  of  their  ancestors — still  using  the  bow,  the 
kyak  or  canoe,  and  the  stone  hatchet,  and  perpetuating  the 
Age  of  Stone  in  a  remote  land. 

Primeval  man,  it  must  be  admitted,  was  a  barbarian,  but 
he  was  by  no  means  the  stepping-stone  between  the  apes 
and  modern  man.  There  is  not  a  particle  of  evidence  that 
he  was  not  possessed  of  the  faculty  of  speech,  and  did  not 
exercise  the  same  intellectual  and  moral  powers  aa  the  cit- 
izen of  the  United  States,  Few  human  crania  or  other 
bones  have  ever  been  discovered  upon  which  the  judgment 
of. the  comparative  anatomist  could  be  brought  to  bear. 
Considerable  diversity  appears ;  but  the  skulls  belong  to 
the  brachy cephalic  {or  round-head)  type,  which,  according 
to  respectable  ethnologists,  was  the  type  of  the  ancient 
Ligurian  head. 

Primeval  man  used  the  spear  and  the  bow  in  his  conflicts 
with  the  tiger,  the  bear,  and  the  hyena,  and  in  the  wars 
which  he  waged  with  his  fellow-man;  he  chased  the  ele- 
phant, the  goat,  and  the  musk-ox  over  the  plains  of  South- 
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era  Europe,  and  fished  with  single  and  double  pointed 
barbed  hooks  in  the  cool  streams  of  Scandinavia.  That  he 
dwelt  in  caves  we  know.  These  were  Nature's  provision 
for  the  houseless.  But  there  is  no  reason  for  supposing 
that  he  did  not  soon  devise  more  comfortable  dwellings. 
He  seems  to  have  resided  at  times  upon  the  banks  of  riv- 
ers and  by  the  ocean's  shora  Whole  villages,  it  would 
seem,  must  have  cast  into  one  common  pile  the  refuse  of 
their  tables.  These  accumulations  are  sometimes  several 
hundred  yards  in  length,  and  from  three  to  nine  feet  in 
height.  The  flint  folk,  whose  household  ware  is  mingled 
with  the  kitchen  rubbish,  must  have  dwelt  in  huts  above 
the  ground.  At  a  somewhat  later  epoch  we  know  that 
they  drove  piles  in  the  lakes  of  Central  Europe,  and  con- 
structed platforms  on  which  their  dwellings  were  built. 
From  thesQ  habitations  they  cast  into  the  lake  the  refuse 
of  their  houses.  By  dredging,  we  recover  stores  of  broken 
pottery,  and  implements  of  stone  for  cutting  and  for  skin- 
ning, together  with  the  bones  of  quadrupeds  known  to  in- 
habit Europe  in  the  Age  of  Stone.  The  dolmens  of  the 
same  epoch  prove  also  that  primeval  man  understood  the 
art  of  rough  masonry. 

There  is  no  decisive  proof  that  the  earliest  flint  folk  en- 
gaged in  the  cultivation  of  the  soil  or  the  domestication  of 
the  wild  beasts.  It  is  true  that  we  find  associated  with 
human  relics  the  remains  of  the  hog,  the  dog,  the  ox,  the 
horse,  the  sheep,  the  goat,  the  deer,  the  reindeer,  the  ele- 
phant, all  of  which  have  been  domesticated  in  subsequent 
^ges;  and  we  certainly  are  not  precluded  from  the  pre- 
sumption that  some  of  these  animals  began  to  yield  willing 
obedience  to  man  even  in  this  twilight  epoch.  We  must 
cheerfully  admit  that  these  primitive  people  may  have  ac- 
complished— undoubtedly  did  accomplish — many  achieve- 
ments of  skill  and  intelligence  of  which  it  is  now  impossi- 
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ble  to  discover  the  record.  Their  food,  lite  their  dwellings, 
was  at  first  supplied  spontaneously  by  Nature  ;  but  during 
the  epoch  of  the  pile  habitations,  man  seems  to  have  learned 
the  art  of  producing  grain  and  vegetables.  In  some  of  the 
earthen  pots  dredged  from  the  Swiss  lakefl  have  been  found 
winter  stores  of  fruits  and  cereals.  Among  them  were 
beautiful  specimens  of  wheat,  and,  in  addition,  barley,  oats, 
peas,  lentils,  and  acoms.  At  this  epoch  the  people  must 
have  cultivated  the  ground  and  raised  cattle.  The  discov- 
ery of  millstones,  with  pestles  of  granite  and  freestone, 
shows  that  they  knew  how  to  grind  their  grain.  The  use 
of  fire  was  known,  and  upon  this  tbey  roasted  their  meat. 
They  ate  the  marrow  and  brains  of  the  animals  killed,  as 
we  find  the  bones  split  open  for  the  removal  of  these  sub- 


The  clothing  of  the  primeval  folk  was  probably  at  first 
formed  from  the  eldns  of  quadrupeds;  but  daring  the  age 
of  the  lacustrine  cities  they  had  learned  the  art  of  mann- 
faoturing  textile  fabrics,  sinc^  among  the  other  dSbris  of 
the  pile  habitations  have  been  found  fragments  of  linen 
cloth.  The  gannents,  ffi-med  either  of  skins,  bark,  or  cloth, 
were  sewed  together  with  needles  and  awls,  of  which  the 
lacustrine  cities  furnish  examples. 

The  man  of  this  period  was  jjosaessed  of  some  degree  of 
taste.  This  is  shown  first  in  the  workmanship  displayed 
upon  the  bone  and  horn  handles  of  many  of  his  tools,  in 
the  finish  of  lance  and  arrow  heads,  knives  and  daggers,  in 
the  fashion  of  his  pottery,  and  in  beads  formed  of  pebbles, 
pieces  of  coral,  and  the  teeth  of  wild  animals.  In  some  in- 
stances whistles  have  been  found  made  of  the  digital  bones 
of  certain  nuninants.  His  taste,  and  even  no  mean  degree 
I  of  artistic  skill,  are  also  displayed  in  the  sculpturing  of  his 
tools  and  implements,  and  his  delineations  upon  pieces  Of 

ffiry,  bom,  and  slate.     "  The  decorations  on  many  pots 
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and  implomente,"  suys  Vogt,"  consisting  of  simple,  straighty 
angular,  or  crossed  linea,  exhibit  a  certain  sense  of  beauty;;] 
but  the  drawings  of  animals,  as  discovered  by  MM,  Lartet  I 
and  GarrigOH,  are  still  more  surprising.     They  are  mostly  1 
engraved  on  bones,  but  also  on  slate.    Those  found  hy'iS.' 
Garrigoii  represent  heads  and  taUs  of  fishes;  those  iu  pos- 
sossionofM.Lartet  represent  largo  mammals,  among  which 
the  reindeer  is  easily  recognized  by  the  antlers.    *     *    The  J 
masterpiece  in  Lartgt's  collection  is  a  handle  carved  from 
the  antlers  of  a  reindeer,  a  real  sculptured  woi-k,  the  t 
of  the  animal  being  so  turned  and  twisted  that  it  forma  a 
handle  for  a  boy's  hand.     All  other  drawings  are  in  ebarp 
and  firm  outlines,  graved  upon  the  surface  of  the  bone,  and 
it  may  be  seen  that  the  artist,  iu  working  it,  turned  the 
bone  in  various  directions."    The  most  interesting  of  all 
these  relics  of  primeval  art  is  the  delineation  upon  ivory 
of  the  outlines  of  the  hairy  mammoth  in  a  style  whioh, 
though  rudely  and  carelessly  executed,  leaves  no  doubt  of 
the  identity  of  the  original  of  the  picture.     These  people 
evidently  possessed  a  marised  predisposition  to  art. 
rude  hunter,  wearied  in  the  chase,  amused  himself  in  repro- 1 
ducing  upon  ivory  and  stone  the  forms  that  had  excited! 
his  interest,  and  upon  which  undoubtedly  he  depended  fori 
subsistence  and  perhaps  for  service. 

lastly,  primeval  man  was  endowed  with  a  religious  nsr-l 
ture.     He  foniied  numerous   utensils  consecrated  to   the  I 
ceremonies  of  religion.     He  buried  his  dead  in  grottoes  fl 
closed  with  slabs,  as  the  Jews  continued  to  do  at  a  later  1 
day.     The  recumbent  position  of  many  of  the  skeletooa  T 
shows  that,  like  the  dead  of  the  ancient  Peruvians,  they 
were  entombed  with  an  observance  of  religious  rites.    lake 
the  American  Indian,  he  provided  his  deceased  fiiend  with 
d  and  arms  to  supply  his  necessities  while  on  the  jonr- 
[>  another  world.     These  are  facts  of  extreme  signifi. 
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cance  as  tending  to  show  that  the  religioi 
f  universal  in  our  day,  was  also  an  endowment  of  the  earliest 

and  most  uninatmcted  type  of  man, 
1  The  man  of  the  Stone  Age  was  not,  therefore,  as  some 
L  have  asserted,  a  sort  of  perfected  monkey.  He  had  the 
J  structure  of  a  man;  without  doubt,  ho  was  capable  of 
I  speech;  he  supplied  his  wants  with  a  Mbd  of  skill  which 
I  became  improved  and  educated  by  experience — a  charac- 
I  teristic  only  of  intelligence;  he  admired  beauty;  hemani- 
I  feated  a  perception  of  the  ideal ;  his  thoughts  strayed  for- 
I  ward  into  another  world,  and,  with  his  other  religious  sen- 
[  timents,  he  undoubtedly  felt  a  vague,  strange  sense  of  a 
I  auperintending  Intelligence  and  a  moral  Governor. 
I  Does  the  unwritten  history  of  this  race  reach  back  to  an 
I  antiquity  incompatible  with  prevalent  views  upon  the  age 
I  of  man?  Here,  as  elsewhere,  the  enemies  of  Revelation 
I  have  sought  materials  for  the  use  of  nnbelievers.  They 
I  have  sought  in  vain.  There  is  more  in  the  history  of  pri- 
1  meval  man  that  confirms  our  Scriptures  than  there  is  of 
I. conflict  with  them,  We  have  popularly  held  the  race  to 
I  be  about  six  thousand  years  old ;  but  our  researches  show 
kthat  man  lived  with  the  bear,  hyena,  mammoth,  and  other 
■animals  now  extinct,  and  some  of  which  became  extinct  on 
kitbe  decline  of  the  glacial  epoch.  It  is  not  claimed  that 
I'inan  lived  before  the  glacial  epoch,  and  the  evidences  of 
I  bis  contemporaneous  existence  with. the  reign  of  ice  have 
I  been  shown  to  be  fallacious.  The  remains  of  man  reputed 
I  to  have  been  found  in  glacial  drift  of  the  valley  of  the 
i  Somme  are  in  truth  buried  in  deposits  of  much  later  date, 
1.  as  has  been  shown  by  Dr.  Andrews,  of  Chicago,  as  well  as 
l.by  others.*     Mao  had  no  place  tUl  after  the  reign  of  ice. 

I  *  For  an  elahorftte  and  accessible  paper  on  the  "Amiens  gravel,"  by 
W  Alfred  Tyler,  see  Amer.  Jonni.  of  Science  and  Art  [3],  Nov.,  1868,  cited 
LfitJm  the  Qa&rt.  Jaur.  of  the  Geolog.  Society  of  London  for  May,  18G7. 
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But  it  has  been  imagined  that  the  close  of  the  reign  c 
dates  back  perhaps  a  hundred  thousaod  years.  There  ifl* 
no  evidcDce  of  thia.  The  cone  of  drift  materials  accumu- 
lated at  the  mouth  of  the  Tinifire,  iu  which  have  been  found 
human  remains,  was  estimated  by  Morlot  to  be  from  ninety- 
Bix  to  one  hundred  and  forty-three  thousand  years  old ;  but 
Dr.  Andrews  has  fcpoacd  a  curious  arithmetical  blunder, 
the  correction  of  which  reduces  the  time  to  within  five 
thousand  years.  We  have  no  rule  for  the  measurement  of 
post-tertiary  time  which  necesaitates  the  admission  of  so 
high  antiquity  to  our  race.  If  we  have  been  accustomed 
to  think  of  the  extinction  of  the  cave-bear  as  dating  back 
to  high  antiquity,  we  now  discover  that  he  lived  with  man, 
and  the  reindeer,  and  other  animals  which  still  survive. 
The  exiBtence  of  even  the  cave-bear  may  not  have  been  so 
very  remote.  What  are  the  reasons  assigned  for  the  prev- 
alent opinion  that  it  was  many  ages  ago  that  the  glaciers 
began  to  disappear  from  Europe  ?  Simply  the  existence 
at  that  time  of  quadrupeds  now  extinct,  together  with  the 
presumption,  unsupported,  as  it  seems,  by  the  facts,  that  no 
animals  have  coexisted  with  man  except  those  of  the  recent 
fauna.  The  fact  is,  that  we  come  ourselves  upon  the  earth 
in  time  to  witness  the  retreat  of  the  glaciers.  They  still 
linger  in  the  valleys  of  the  Alps,  and  along  the  northern 
shores  of  Europe  and  Asia,  while  the  disappearance  of  an- 
imals once  contemporaries  of  man  is  still  continuing, 
only  did  contemporaries  of  man  become  extinct  during  ( 
Age  of  Stone ;  some  survived  to  the  twelfth,  fourteentt 
and  sixteenth  centuries,  as  already  stated ;  the  Moa  of  Jfcn 
Zealand,  and  the  j^piomis  of  Madagascar,  have  beet 
extinct  within  the  epoch  of  tradition,  as  indeed  \itt&  t 
^  Mammoth  of  North  America ;  the  Dodo  of  Mauritius  i 
I  appeared  in  the  seventeenth  century ;  the  Great  Aokl 
the  arctic  regions  has  not  been  seen  for  half  a  c 
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and  eveiy  one  must  be  convinced  that  the  bearer,  elk,  pan- 
ther, buffalo,  and  other  quadrupeds  of  North  America  are 
approaching  extinction  by  perceptible  steps.  The  fact  is, 
■we  are  not  so  far  out  of  the  dust,  and  chaos,  and  barbarism 
of  antiquity  as  we  had  supposed.  The  very  beginnings  of 
our  race  are  still  almost  in  sight.  Geological  events  which, 
from  the  force  of  habit  in  considering  geological  events,  we 
had  imagined  to  be  located  far  back  in  the  history  of 
things,  are  found  to  Lave  transpired  at  our  very  doors. 
Our  own  race  has  witnessed  the  dissolution  of  those  conti- 
nental glaciers  which  we  have  bo  long  talked  of  as  inci- 
dents of  pre-Adajuic  history.  Our  own  race  has  witnessed 
the  submergence  of  Southern  Europe;  the  detachment  of 
the  British  Islands  and  Scandijiavia  from  the  continent; 
the  wanderings  of  the  great  rivers  of  Eastern  Asia ;  the 
submergence  of  thousands  of  square  miles  of  the  coast  of 
China,  so  that  the  seats  of  ancient  capitals  are  now  rocty 
isleta  far  at  sea;  the  emergence  of  the  ancient  country  of 
Lectonia ;  the  drainage  of  tha  vast  lake  wliich  once  over- 
spread the  prairies  of  Illinois ;.  the  alternations  of  forests, 
and  many  other  events  which  we  once  associated  with  high 
antiquity.  It  is  the  opinion  of  Hooker  and  Gray  that  the 
Falkland  Islands,  and  others  in  the  vicinity,  have  formed  a 
part  of  the  continentof  South  America  during  recent  times, 
and  that  during  this  connection  they  aequii-ed  the  conti- 
nental fauna  and  flora.  The  Straits  of  Behring  may  even 
have  been  cut  through  since  the  early  migrations  of  man 
and  his  contemporaries,  the  mammoth  and  reindeer;  as  in 
some  distant  future  age  the  Isthmus  of  Darien,  which  now 
connects  North  and  South  America,  may  become  a  strait 
separating  them.  There  is  no  more  reason  in  this  day  than 
iifty  years  ago  to  claim  a  hundred  thousand  years  for  the 
past  duration  of  our  race. 
I  can  not  refrain  from  noting  the  peculiar  relief  which 
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the  mind  experiences  in  diseovering  ihe  means  to  seize  a 
compreLend  some  of  the  oppressively  vast  cycles  wliici 
oiogy  discloses.     Here  is  a  geological  age — the  PostJ 
tiary  Age — anfinished,  it  is  true — which  we  almost  poj 
the  means  ofmeasiuing.     The  life  of  our  race  re 
beyond  grand  geological  events.    We  have  some  i 
from  ihc  progress  which  our  race  has  made  during  t 
riod  of  written  history,  what  must  have  been  the  durauS 
of  ita  infantile  tntelage,     Nay,  the  records  of  the  Sorame 
and  the  Tinifire,  as  we  now  decipher  them,  afford  us  a  com- 
mon measure  of  the  age  of  man  and  the  duration  of  the 
Post-Tertiary.     The  vast  changes  that  have    iraaspired 
upon  the  coast  of  China,  the  shores  of  the  Mediterranean, 
and  other  parts  of  the  world,  since  man  has  been  a  beholds 
of  geological  history,  seem  to  carry  us  back  into  the  mid( 
of  the  grand  events  which  we  have  so  solemnly  and  WM 
deringly  contemplated  from  our  seeming  distance. 
geological  intervals,  after  all,  are  appreciably  finite, 
discovery  affords  a  sensible  relief  to  the  mind  bo  long  i 
pressed  by  the  contemplation  of  cycles  which  lose  f 
selves  in  the  haze  of  eternity. 

One  farther  thought  crowds  itself  into  the  con 
these  reflections.    It  is  a  thought  of  the  growing  perf 
tion  and  exaltation  of  our  race.     How  have  we   i 
gled  through  many  ages,  upward  from  companionship  v 
beasts,  from  clothing  of  Bkins  or  hark,  houses  of  caves,  i 
plements  of  chips  of  flint,  a  vague  consciousness  of  a  Sui 
rior  Being — like^the  polyps'  sense  of  light  felt  through,  fl 
its  body — through  all  the  grades  of  pupilage,  all  the  i 
grees  of  civilization,  all  the  heights  of  mental  and  moi 
exaltation  up  to  man  as  he  now  is !    What  a  picture  i 
progress  is  here!     How  abject  once — how  exalted,] 
spiritualized,  how  God-like  now  !     Ia»not  man  approachitf 
nearer  to  God?    How  vastly  less  of  the  brnto — 
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iiitely  more  of  tlie  spiritual  1  Once  he  contented  himself 
to  capture  pi-ey  sufficient  for  food,  as  the  bear  and  the  tiger 
did  in  whose  company  he  lived.  But — oh,  how  uncon- 
scious of  his  powers !  he  held  even  then  the  spark  of  divin- 
ity which  the  bear  and  the  tiger  had  not,  and  he  has  risen, 
while  they  grovel  on  the  plane  from  which  he  sprang. 
From  age  to  age  he  has  learned  to  commune  more  and 
more  with  the  unseen — the  ideal — the  good  and  the  true. 
He  has  made  achievements  which  were  once  boyood  the 
reach  of  dreams.  Steam,  electricity — what  miracles  do 
they  not  summon  into  mind?  What  does  a  retrospect  of 
fifty  years  disclose  ?  And  is  not  man  even  yet  on  the 
march  of  improvement  ?  What  does  a  forward  glance  of 
fifty  years  unfold  to  imagination  ?  What  now  irresolvalile 
mysteries  may  not  be  explained  in  the  school-hooka  of 
our  grandchildren?  Tliere  is  nothing  which  it  is  rever- 
ent to  pronounce  inscrutable  among  the  works  of  God.  It 
remains  for  us  to  penetrate  the  world  of  invisible  things. 
We  have  already  sundry  rumors  and  pretences — shadows 
cast  before,  perhaps — tut  as  yet  unsatisfactory  and  unin- 
telligible, and,  above  all,  unreduced  to  a  philosophy.  There 
must  be  a  substratum  that  has  not  yet  been  sounded  lying 
teneath  the  confused  and  apparently  capricious  phenomena 
of  clairvoyance,  mesmerism,  dreams,  and  spiritual  manifes- 
tations. With  much  imposition,  there  is  much  which  can 
not  be  scientifically  ignored.  It  remains  to  resolve  the 
mystery  of  these  sporadic  phenomena — to  reduce  them  to 
law,  and  to  open  nndcr  the  law  some  regular  and  intelligi- 
ble intercourse  with  the  unseen  world,  "flie  unseen  world 
is  destined  to  become  like  a  newly  discovered  continent. 
We  shall  visit  it — we  shall  hold  communion  with  it — we 
shall  wonder  how  so  many  thousand  years  could  have 
passed  without  onr  being  introduced  to  it.  We  shall  learn 
of  other  modes  of  existence — intermediate,  perhaps,  between 
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body  and  spirit — having  the  forms  and  limitation  in  space 
peculiar  to  matter,  with  the  penetrability  and  invisibility 
of  spirit.  And  who  can  say  that  we  may  not  yet  obtain 
such  knowledge  of  the  modes  of  existence  of  other  bodies 
as  to  discover  the  means  of  rendering  them  visible  to  our 
bodily  eyes,  as  we  now  hold  conversation  with  a  friend 
npon  the  shores  of  the  Pacific  or  in  the  heart  of  Europe,  or 
fly  with  the  superhuman  velocity  of  the  wind  from  the  At- 
lantic to  the  Mississippi  Valley.  Then  may  we  not  at  last 
gaze  upon  the  "  spiritual  bodies"  in  which  our  departed 
friends  reside,  and  discover  the  means  of  listening  to  their 
spirit  voices,  and  join  hands  consciously  with  the  heavenly 
host  ?  Oh,  who  can  say  what  these  exhaustless  and  illim- 
itable powers  of  the  noble  soul  of  man  may  not  accom- 
plish? Does  the  reader  smile?  I  believe  these  are  the  sug- 
gestions more  of  philosophy  than  of  fancy.  Does  he  say 
it  is  only  a  dream  of  impossibilities  ?  He  assumes  that  he 
knows  every  thing  which  the  infinite  Intelligence  can  fath- 
om. To  fetter  the  human  soul  with  assumed  impossibilities 
is  impiety.  The  bird  which  would  soar  first  looks  upward. 
The  soul  never  attains  that  which  it  does  not  strive  for.  K 
we  would  commune  consciously  with  the  unseen  world  we 
must  have  both  faith  and  works.  In  reference  to  the  per- 
fectibility and  exaltation  of  the  intellectual  and  moral  na- 
ture of  man,  let  no  one  say  "  impossible." 
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CHAPTER  XTYm. 

WILL  TllERE    BE    AN  ANIMAL    SIJPKKIOK  TO  MAN? 

TTE  tbat  has  glanced  over  the  long  line  of  organic  Ma- 
-^-'-  tory,  and  observed  how  the  ascent  fram  the  sea-weed 
lan  has  been  effected,  step  by  step,  in  regular  succession, 
can  not  fail  to  start  the  inquii-y, "  Is  man  destined  to  be 
I  the  last  term  of  this  series  of  improving  types  ?"  I  reply 
I  that,  while  this  is  peculiarly  a  question  to  be  answered  by 
I  Revelation,  science  affords  some  intimations  which  tend  to 
I  assure  ua  in  the  possession  of  the  dignity  which  we  now 
I  enjoy  as  the  archonts  of  terrestrial  existence. 

In  the  first  place,  all  geological  preparations  and  ideas 
I  converge  in  man.  The  world  seems  to  have  been  designed 
I  with  the  view  of  stimulating  to  activity  the  powers  of  a 
I  thinking  being.  The  nniverae  is  a  rational  product;  and 
I  .every  department  of  it,  and  every  isolated  object,  sustains 
■'SD  intelligible  relation  to  other  parts  and  objects.  "We  are 
r  not  left  to  infer,  or  even  to  know,  that  intelligent  design  is 
V  locked  up  in  the  secret  plans  of  creation ;  but  what  is  more 
I  auggestive,  as  well  as  more  satisfactory,  is  the  fact  that 
I  this  intelligence  is  patent  before  our  eyes,  bo  that  we  read, 
I  BB  it  were,  a  revelation  of  the  thought  embodied  in  the 
I  works  of  the  visible  universe.  And  much  of  that  which  is 
I  not  at  onQe  manifest  yields  to  investigation,  while  a  stim- 
I  nlus  to  investigation  is  found  in  the  hints  and  suggestions 
'  which  Nature  seems  intentionally  to  have  dropped  along 
the  pathway  of  him  who  follows  the  beckoning  of  his 
thoughts.  Not  only  were  those  germs  of  thought  planted 
fiom  time  to  time  during  the  whole  progress  of  the  past 
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creation ;  and  not  only  is  man  tfae  first  creature  capable  c 
responding  to  the  slimidi  to  meittal  activity',  bot  morea 
thifl  mentality,  while  it  differs  qualitatirely  from  the  hig] 
est  endowm^its  of  the  lotrer  aniimUg,  is  in  itself  the  faigbj 
est  posaibte  grade  of  endowments.    It  is  qualitatively  idez 
tical  with  that  infinite  Intelligence  whose  presence  and  s 
premacy  arc  recognized  throughoct  the  universe.     It  is  fl 
"fair  presomption  that  when  the  course  of  animalization  bai 
attained  the  point  toward  which  all  these  intellectnal  adapi 
tations  conveige,  a  point  is  reached  which  will  not  1 
passed  except  under  a  different  general  scheme. 

Similar  remarks  apply  to  the  conjrdination  existiDg 
tween  the  material  world  and  the  idea  of  the  beautiful  i 
man.  The  beauty  and  sublimity  of  Nature  have  no  rela 
tion  to  any  other  creature.  Man  is  the  consummation  of  ij 
dualism.  While  the  beautiful  implies  man,  it  excludes  hig 
snceessor.  No  endowment  beyond  or  higher  than  a  ] 
spoilse  to  the  provisions  of  Nature  is  possible. 

The  beneficent  provisions  of  the  earth's  crust  not  onlyl 
prophesy  man,  but  they  reach  their  finality  in  man, 
was  only  for  human  uses  that  the  coal  was  treasured  in  thel 
recesses  of  the  earth ;  for  human  uses  alone  the  mountains:! 
have  Uflcd  up  their  burdens  of  iron ;  for  human  uses  only  J 
the  grandest  movements  of  geological  history  elaborated  J 
and  diatriboted  a  soil.  It  is  only  for  man  that  the  foreste- 1 
yield  their  abundant  supplies  of  timber  and  fuel.  For  maq,! 
the  edible  and  medicinal  vegetables  were  provided.  Poq 
man  the  natures  of  the  domestic  animals  were  moulded  j| 
and  thuir  domestic  attachments  are  directed  ttv  no  ^ther l 
being. 

The  last  geological  revolution  produced  results  of  a  gen- 
eral rather  than  a,  local  character.     During  the  Paleozoic, 
I  Mesozoic,  and  earlier  Cenozoic  ages,  the  action  of  geological 
uifiieB  bad  been  especially  developed  along  belts  p 
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to  the  main  bodies  of  land.  In  tl*B  glacial  epoch,  however, 
a  phenomenon  occurred  which,  so  far  as  we  know,  was  nn- 
precedented  in  lib  universality.  The  whole  northern  por- 
tion of  both  continents  was  covered  by  glaciers,  whose  ef- 
fects were  felt  in  America  to  the  Ohio  River,  and  whose 
rfefin's  were  borne,  in  the  next  epoch,  to  the  Gulf  of  Mexico. 
This  sudden  extension  of  the  range  of  geological  activity 
was  something  paralleled  by  the  release  of  the  human  spe- 
cies from  those  restraints  which  confined  all  preceding  an- 
imals within  narrow  limits,  and  constituted,  like  that,  an 
indication  that  a  fiill  pause  had  been  reached  in  continent- 
al preparations — as  when  the  sculptor,  after  having  devel- 
oped singly,  with  time  and  care,  the  individual  features 
of  his  work,  subjects  it  finally  to  that  general  treatment 
which  imparts  the  smooth  and  finished  ^irface. 

Lastly,  it  may  be  added  that  vertebrate  development 
both  points  toward  man  and  attains  its  consummation  in 
man.  The  earliest  fish  which  moved  in  the  waters  of  the 
Paleozoic  seas  embodied,  in  its  osteological  organization,  a 
prophecy  of  man;  thoMcaozoic  reptile  still  pointed  onward 
toward  man;  the  Tertiary  monkeys  were  a  higher  summit 
of  vertebrate  organization  from  which  the  yet  higher  Alp 
of  human  structure  was  still  pointed  to,  illumined  by  the 
lising  dawn  of  the  modem  world.  In  the  skeleton  of  man 
we  have,  at  last,  the  fulfillment  of  the  prophecies  of  ages, 

Man  stands  in  the  focus  of  all  the  conceptions  embodied 
in  past  history.  We  are  as  little  authorized  to  allow  that 
the  course  of  development  is  destined  to  advance  beyond 
him,  fts  to  deny  that  it  has  furnished  intimations,  in  all 
ages,  that  it  was  destined  to  reach  to  him. 

Consider,  in  the  second  place,  man's  superiority  over  the- 
brutes.  Among  tho  myriads  of  animals  which  populated 
the  earth  during  the  cycles  of  geological  history,  suprem- 
acy was  the  reward  only  of  superior  force.     Man  gains  su- 
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premacy  through  his  mtallect.    Emtes  dominate  throagl 
the  physical  forces  belonging  to  matter;  man,  through  tbm 
immaterial  forces  which  are  the  attributes  of  Deity. 

The  chasm  which  separates  the  intelligence  of  maa  f 
that  of  the  bmtes  is  broad.     It  is  not  simply  a  step  in  t 
easy  gradations  observed  among  the  brutes  themselves  ;■ 
is  a  break  in  the  chain  of  gradations.    Even  if  not  quallfl 
tively  superior  to  that  of  brates,  its  sudden  expansion  is  a 
great  that  its  sphere  of  activity  creates  a  new  quality  ii 
the  being.     Man  is  the  first  being  in  all  the  history  of  t] 
world  that  could  contemplate  creation,  and  abstract  the  i 
telUgenee  displayed  in  it,  and  experience  a  glow  of  satisf 
tion  in  attaining  to  the  thoughts  first  conceived  in  the  r 
of  the  Omniscient.    Man  is  the  first  animal  capable  of  coni 
templating  Deity..  In  these  exalted  endowments  not  onlyi 
does  he  excel  the  brutes,  hut  he  excels  them  in  go  vast  a>l 
degree  as  to  suggest  the  belief  that  the  gradations  of  ani 
mal  existence  had  been  concladed,  and  feature  had  reached 
a  foil  pause.     The  material  part— the  framerwork — of  swM 
mality  had  been  perfected  by  slew  gradations ;  and  now 
on  the  creation  qf  man,  Nature  snperadded  an  unpre 
dented  endowment — a  spiritual  organization  which  mafc«| 
man  both  a  prince  and  a  masterpiece  in  creation. 

When  we  speak  of  mac's  moral  nature  we  touch  a  sutfl 
ject  "whicli  recalls  all  that  has  just  been  said  of  bis  inte^ 
lect,  and  affirms  it  with  redoubled  emphasis.  There  t 
reasons  for  believing  that  this  endowment  differs  in  kind  1 
&om  any  thing  in  the  nature  of  the  brute.  This,  to  thel 
ability  to  understand  God,  adds  the  ability  to  sympSthiz 
in  his  moral  attributes,  and  to  enter  into  moral  relation^ 
with  him  and  with  humanity.  Man  stands  in  contact  witl 
God,  A  farther  approximation  is  impossible.  He  must  h 
the  limit,  as  he  is  the  existing  culmination  of  organic  liffe.  i 

These  rarions  considerations,  with  others,  seem  to  t 
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that  the  columa  of  organic  succession  is  complete  in  man. 
The  lower  forms,  gradually  and  reguS.rly  ascending  from 
base  to  summit^onstitute  the  shaft  of  the  column;  but  in 
man  we  have  a  sudden  expansion,  an  ornatenesa  of  finish, 
Ml  incorporation  of  new  ideas,  which  designate  him  as  the 
capital  and  completion  of  the  grand  colnmn  of  organic  ex- 
istence. 

Consider,  in  the  third  place,  man's  unlimited  geograph- 
ical range.  When  the  first  animals  were  introduced  upon 
the  earth,  they  found  the  ocean  encompassing  it  on  every 
side,  and  creating  a  uniformity  of  physical  conditions  which 
enabled  them  to  range  through  evei-y  latitude  and  longi- 
tude. In  later  ages,  as  the  continents,  with  their  mountain 
ranges,  became  diflerentialed  from  the  terrestiaal  mass,  and 
diverse  climates  were  called  into  existence,  we  find  that 
animals  were  restricted  to  anccessively  narrower  limits. 
Ifot  only  did  the  growing  differentiation  of  the  different 
regions  of  the  earth  lead  toward  the  restriction  of  the 
faunas,  but  there  is  something  in  higher  organisms  them- 
selves which  specializes  them  in  their  adaptations,  and  un- 
fits them  for  so  wide  a  range,  even  with  external  conditions 
unchanged.  Thus,  as  animal  life  advanced  upwai-d,  it  bo- 
came  more  narrowed  in  the  range  of  its  species.  The  spe- 
cies in  possession  of  the  earth  unmediately  previons  to  man 
were  more  restricted  than  any  of  their  predecessors.  It 
would  certainly  be  expected  from  all  these  analogies  that 
man,  on  his  appearance,  would  be  limited  to  the  narrowest 
bounds  of  all.  What  is  the  fact  ?  Man  overleaps  all  bai^ 
riers.  "Climates,  mountains,  oceans,  deserts,  form  no  imped- 
iments to  Ms  migration.  He,  the  first  of  all  animals,  has 
literally  extended  over  the  whole  earth,  and  fulfilled  the 
command  to  take  possession,  to  use,  and  to  enjoy.  What 
does  this  signify,  if  not  that  man  is  the  completion  of  the 
series  ?    Animal  existence,  first  oan'owed  to  the  smallest 
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niinitB  in  its  specific  jange,  then  suddenly  expanded  to  the 
■ipideBt.  Man  occupies  the  whole  earth ;  he  is  not  only  the 
fenishing  stroke,  but  he  excludes  a  succesatr. 
■  Consider,  lastly,  man'a  erect  attitude.  When  the  fieh,  the 
fcarliest  representative  of  the  type  which  embraces  msa, 
Biras  introduced  into  the  waters  of  the  Devonian  seae,  the 
fcertebral  axis  was  huug  in  a  horizontal  position,  and  the 
nnimat  was  not  endowed  with  even  the  power  to  raise  the 
Hiead  by  bending  the  neck.  Many  of  the  Carboniferoas 
Kehes  acquii'ed  this  power,  but  they  i-emaincd  suspended 
Kn  the  element  of  lowest  vital  relations.  The  Triassic  and 
KTurassic  Enaliosaurs,  while  they  continued  to  inhabit  ,the 
■irater,  breathed  the  air,  and  held  the  head  habitually  a  Ut- 
Btle  elevated.  The  Crocodilians  to  these  endowments  added 
B^e  power  to  crawl  upon  the  ground.  The  Deinosaurs  of 
■the  Cretaceons  Age  walked  upon  the  land  with  the  body 
Belevated  above  the  ground,  but  the  head  remaining  nearly 
■borizontal.  The  birtls  assumed  an  oblique  position  of  the 
npinal  axis;  and  moat  of  the  Tertiary  mammals,  which  fol- 
Uowed  them,  could  carry  their  attitudes  from  the  horizontal 
Ko  the  serai-erect.  The  higher  monkeys  lived  normally  in 
Wa  snb-erect  position,  but  still  eupporting  themselves  by  the 
four  extremities.  Man  first  and  alone  assumed  a  perpen- 
dicular attitude,  and  turned  his  countenance  toward  lieav- 
en,  and  talked  with  the  Being  who  formed  him. 

"  Fronn  cum  spectent  animalin  cretera  teTTam, 
.Ob  hamuli  Eiiblime  dedk;  ccelutnque  tneii 
JuBsit,  et  erixlos  ad  sidera  tollere  vnlloa. " 

t  It  is  evident  no  farther  progress  can  be  made  in  this  di- 
Nction.     The  elevation  of  the  spinal  axis  has  reached  a 
Mathematical  limit;  the  consummation  of  organic  esalta- 
Ksn  is  attained. 
L  These  various  considerations  concur  in  justifying  the  aa- 
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sumption  that  the  Author  of  Nature  regards  his  work  as 
completed.  The  universal  belief  of  the  Christian  world, 
therefore,  that  the  termination  of  the  existence  of  the  hu- 
man race  will  mark  the  consummation  of  the  history  of 
the  present  order  of  things,  seems  to  be  founded  equally 
in  our  mental  constitution  and  in  the  philosophy  of  the 
material  creation. 


380  SKETCHES   OF  CREATIOIT, 


■  \ 


CHAPTER  XXXIV. 

POPULAR    BELIEFS    IN    PERIODICAL    CATASTROPHES     TO    THE 

UNIVERSE. 

WHENCE  come  we,  and  whither  are  we  tending? 
Whence  this  ponderous  globe  which  we  inhabit? 
What  vicissitudes  has  it  undergone?  What  is  its  final 
destination  ?  And  when  the  drama  of  the  world  is  closed, 
what  then  ?  Whence  this  magnificent  system  of  a  visible 
universe  ?  and  of  what  inscrutable  purposes  does  it  form  a 
part  ?  What  is  that  which  is  first  of  all — the  cause  of  all 
— self  existent,  uncreated,  without  beginning  and  without 
end? 

p  These  are  grand  problems — the  most  stupendous  with 
which  the  human  mind  can  grapple.  We  can  not  presume 
to  offer  their  final  solution,  but  we  may  venture  to  inquire 
what  light  is  thrown  upon  their  solution  by  the  converging 
rays  of  all  the  sciences. 

These  are  problems  which  have  engaged  the  attention  of 
thoughtful  minds  in  every  age  of  the  world.  If  we  look 
into  the  pages  of  ancient  philosophy,  we  find  it  every  where 
occupied  with  inquiries  into  the  origin  and  destiny  of  the 
universe — the  different  orders  or  kinds  of  existence — the 
absolute  existence,  on  which  all  other  being  depends — ^the 
nature  of  Deity  and  of  man,  and  their  relations  to  each 
other  and  to  other  grades  of  existence.  These  have  been 
the  great,  ever-present,  obtrusive  mysteries  with  which  the 
human  mind  has  always  been  grappling.  On  the  shores 
of  classic  Greece  we  find  Thales,  Pythagoras,  Zeno,  Epicu- 
rus, Plato,  and  a  long  and  brilliant  line  of  thinkers  ponder- 
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ing  over  the  problemB  of  mind  and  matter.  On  the  other 
aide  of  the  Mediterranean  we  hear  the  same  interrogatoriea 
resounding  from  the  region  of  civilization's  dawn,  in  Egypt, 
and  in  far-off  India  and  China  other  races  have  found  them- 
selves confrontod  by  the  selt-same  myeterics,  and,  with 
equal  courage,  have  demanded  from- the  depths  of  Nature 
their  solution.  These  sublime  questions  have  stared  with 
equal  steadiness  in  the  face  of  Greek,  Egyptian,  Phtenician, 
Chaldcean,  Jew,  Persian,  Arabian,  and  Hindoo.  Perennial 
problems,  omnipresent  as  mind  itself,  they  have  reappeared 
upon  American  shores ;  and  we  find  that  the  sacred  hooks 
of  the  Aztecs  yield  ua  a  cosmogony  and  a  theogony  no  leas 
sublime  than  those  of  India,  Persia,  and  Greece. 

Problems  which,  in  all  ages,  have  stood  foremost  in  the 
conflict  of  the  human  mind  with  the  vast  unknown,  would 
mock  at  the  attempt  to  grapple  with  them  in  the  brief 
compass  of  a  chapter  or  two;  but  we  can  not  pass  them 
by  without  taking  a  few  bearings  upon  their  salient  points. 
Waiving  entirely  the  questions  which  arise  in  reference  to 
moral  and  intelligent  existences,  let  us  attempt  to  bring 
together  a  body  of  considerations  bearing  upon  the  doc- 
trine of  periodical  destructions  and  renovations  in  the  ma- 
terial universe.  It  wilt  thus,  I  think,  be  made  to  appear 
that  the  existing  order  of  things  is  not  eternal,  and  that  a 
crisis  is  approaching  wliich  will  demand  the  interposition 
of  a  power  svperior  to  Nature. 

Dr.  Eeid,  the  Scottish  metaphysician,  asserts  that  God 
has  implanted  in  the  mind  of  man  an  original  principle  by 
which  he  believes  in  and  expects  the  continuance  of  the 
course  of  Nature.  This,  evidently,  is  an  error,  since  our 
expectation  of  the  continued  recurrence  of  natui'al  phenom- 
ena in  the  same  order  is  based  upon  our  past  experience, 
and  is,  consequently,  an  induction  instead  of  a  necesBy 
truth.    The  fact  is,  that  in  all  ages  of  the  world,  and  among 
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every  people  who  have  attained  to  a  philosophic  system, 
the  contrary  belief  has  been  prevalent.  The  existing  order 
of  Nature  has  been  regarded  as  temporary,  and  the  flow  of 
terrestrial  and  even  of  cosmical  events  has  been  conceived 
as  destined  to  be  broken  up  by  universal  revolutions. 

The  Chaldeans,  according  to  Berosus,  held  that  the  world 
is  periodically  destroyed  by  deluges  and  conflagrations. 
The  deluges  they  believed  to  result  from  a  great  conjunc- 
tion of  the  planets  in  the  constellation  Capricorn,  and  the 
conflagrations  from  a  similar  conjunction  in  the  constella- 
tion Cancer.  Some  of  the  Christian  fathers  adopted  these 
views.  The  Chaldeans  also  calculated  the  end  of  the  world 
from  the  period  occupied  in  the  retrograde  movement  of 
the  stars  through  one  complete  circumference — a  phenom- 
enon due  to  the  precession  of  the  equinoxes,  and  accom- 
plished, as  modern  science  has  shown,  in  a  period  of  21,000 
to  20,000  years. 

The  Chaldean  philosophers  had  also  their  Annus  Magnus, 
or  Great  Year,  at  the  end  of  which  the  present  terrestrial 
and  cosmical  order  would  be  brought  to  a  termination  by 
an  ordeal  of  fire,  after  which  it  would  be  again  renewed. 

The  ancient  Scythians,  in  their  dispute  with  the  Egyp- 
tians in  reference  to  the  relative  antiquity  of  their  respect- 
ive nations,  reminded  them  that  the  world  undergoes  revo- 
lutions both  by  fire  and  water. 

The  Egyptians,  according  to  Plato,  fancied  that  the  heav- 
ens and  earth  originated  in  a  promiscuous  pulp.  From  this 
the  elements  separated  of  their  own  accord ;  fire  spranor 
from  the  upper  regions ;  the  air  began  to  move.  The 
warmth  of  the  sun  bred  living  creatures  innumerable  in 
the  plastic  mud,  and  these,  according  to  the  predominance 
of  the  various  elements,  betook  themselves  to  the  air,  the 
wOTbr,  or  the  solid  land.  Man  was  generated  from  the 
slime  of  the  river  Nile.     By  a  gradual  improvement  of  the 


lower  creatures,  and  a  gradual  perfection  of  the  globe,  the 
n*-ld  became  what  the  Egyptian  found  it,  and  was  des- 
tined to  flourish  through  au  interval  of  time  expressed  by 
their  Annas  Magnus,  or  great  year — a  cycle  composed  (as 
with  the  Chaldeans)  of  the  revolutions  of  the  sue,  moon, 
and  planets,  and  terminating  when  these  return  together  to 
the  same  sign  whence  they  were  supposed  to  have  set  out. 
The  duration  of  this  great  cycle,  accordbg  to  Orpheus,  was 
one  hundred  and  twenty  thousand  years;  according  to  oth- 
ers it  was  three  hundred  thousand ;  and  by  Cassauder  it 
was  taken  at  three  hundred  and  sixty  thousand  years.  At 
the  end  of  each  great  year  or  cycle  the  world  was  supposed 
to  be  subjected  to  the  destructive  ordeal  of  fire  or  water, 
by  which  it  was  renovated,  to  become  the  abode  of  a  re- 
generated race  of  men. 

The  Hindoo  cosmogony,  which  was  perhaps  the  germ  of 
all  that  was  taught  by  the  Western  nations,  gives  promi- 
nence to  the  doctrine  of  secular  catastrophes  and  renova- 
tions. "  The  First  Sole  Cause,"  say  the  Institutes  of  Menu, 
"  thints  within  himself, '  I  will  create  worlds.' "  Water  is 
then  brought  into  being,  over  the  surface  of  which  moves 
Brahma,  the  Creator.  Brahma  first  effects  the  emergence 
of  the  land  from  the  waters,  and  the  creation  of  the  firma- 
ment. He  then  vivifies  the  earth,  in  succession,  with  plants, 
animals,  celestial  creatures,  and  man.  The  sun  springs 
from  his  eye,  the  air  from  his  ear,  the  fire  from  his  mouth. 
From  his  mouth,  hia  arm,  his  thigh,  his  foot,  proceed  the 
founders  of  the  chief  Hindoo  castes.  Brahma,  having  ac- 
complished his  task, "  changes  the  time  of  energy  for  the 
hoar  of  repose."  He  sleeps  daring  4320  millions  of  years 
— a  day  of  Brahma — at  the  end  of  which  time  the  world  is 
destroyed  by  fire.  The  flames  are  at  length  quenched^f 
the  fall  of  incessant  rains  for  a  hundred  years,  and  the 
waters,  overspreading  the  earth,  fill  the  middle  region  and 
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iimiidate  lieavcn.  The  world  is  enveloped  in  darkness,  and 
the  universe  is  reduced  to  one  vast  ocean.  The  breath%f 
Vishnu  next  becomes  a  strong  wind  by  which  the  clouds 
are  dispersed,  and  the  Deity  then  appears  in  the  form  of 
Brahma  reposing  on  his  serpent  couch  upon  the  deep.  As 
soon  as  he  awakes  the  world  is  renewed,  to  be  again  de- 
stroyed and  again  renovated  after  each  kalpa,  or  day  of 
Brahma's  existence.  "  For  there  are  creations  and  destruc- 
tions of  worlds  innumerable."  At  the  end,  however,  of  a 
hundred  years,  each  consisting  of  360  kalpas,  and  each 
kalpa  of  4320  millions  of  our  years,  Brahma  himself,  and 
all  things  with  him,  will  cease  to  exist. 

Among  the  Jews  there  has  been  extant,  from  time  im- 
memorial, a  prophecy  that  the  world  was  destined  to  en- 
dure 6000  years — 2000  before  the  Flood,  2000  under  the 
Law,  and  2000  under  the  Messiah.  This  belief  is  cordially 
accepted  and  strongly  insisted  upon  by  a  majority  of  the 
Christian  fath 

From  the  East  the  doctrine  of  periodical  revolutions 
found  its  way,  with  the  migrations  of  men,  into  Europe. 
The  Persians,  the  Chaldeans,  the  Egyptians,  and  the  Phce- 
nicians  adopted  it  in  Western  Asia  and  in  Africa,  while  the 
"  Orphic  Hymns'*  afford  us  the  earliest  germination  of  the 
Eastern  faith  in  Greece.  Orpheus  and  Menander,  who 
flourished  in  the  very  twilight  of  Greek  poetry  and  civili- 
zation, and  who  undoubtedly  derived  their  philosophy  from 
the  Egyptians,  reproduce  the  myth  of  the  Annus  MagnUs, 
and  teach  that  the  universe  is  destined  to  be  dissolved  on 
the  completion  of  this  cycle.  Like  the  Indians  and  Jews, 
the  authors  of  the  Orphic  Hymns  assigned  a  definite  dura- 
tion to  the  Annus  Magnus,  as  has  been  already  stated, 
^n  the  Sibylline  Books,  whose  origin  dates  back,  perhaps, 
1300  years  before  our  era,  this  ancient  faith  is  shadowed 
forth  in  another  guise.     The  world  is  destined  to  endure 


"Ipsie  lacCe  domiim  referent  distenta  capeUic 
libera;  nee  magiioH  metuent  armenla  leones 
Ipsa  tibi  falandos  fnndenc  CLmabnla  flores  ; 
Oc:cidet  ct  serpens,  et  Mlax  herba  veneni 
Occidet ;  Assyrinm  vulgo  nawetnr  emomiini 

Malli  paulntim  Savescer  campus  arista, 
Incultisqae  nibens  pendebit  sentibus  uva, 
Et  duTiE  qaercus  Budabnnt  rosdda  mella." 
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ten  ages,  the  first  of  which  ia  the  Golden  Age.  After  a  ren- 
ovation by  tire  the  Golden  Age  will  return,  when,  accord- 
ing to  the  authority  of  Virgil,  the  serpent  will  perish ;  the 
earth  will  produce  her  crops  spontaneously ;  the  kid  will 
no  longer  fear  the  lion ;  the  grape  will  he  horae  upon  the 
thorn-hush,  and  scarlet,  and  yellow,  and  royal  pui'ple  will 
become  the  native  colors  of  the  woolly  fleece. 

Iy  The  Stoics,  who  derived  the  doctrine  from  the  Pht^iii- 
ians,  and  were  its  principal  advocatea  among  the  Greeks, 
held  that  the  world  wohid  be  destroyed  by  a  confl.agra- 
tion.  This  they  thought  would  occur  "  when  the  sun  and 
stars  shall  have  drunk  up  the  sea,"  "Yes,"  says  quaint  old 
Thomas  Burnet, "  but  how  long  shall  they  be  a  drinking 
it?"  The  Stoics,  in  speaking  of  the  restoration  of  the  earth 
aftef  the  final  conflagration,  employ  the  same  tenns  as  we 
find  in  the  sacred  Scriptures.  This,  to  say  the  least,  is  an 
interesting  coincidence.  Chrysippus  calls  it  "Apocatasta- 
sis" — restitution — as  St.  Peter  does  in  the  Acts.  Marcus 
Antoninus  several  timea  calls  it  "  Pali  ngene  si  a"— regenera- 
tion— as  our  Savior  does  in  Matthew,  and  Paul  in  the  epis- 
tle to  Titus;  and  Numenius  has  the  two  acriptare  terras 
"resurrection"  and  "restitution." 

The  doctrines  of  the  Pythagoreans — save  a  few,  who  in 
later  times  were  led  ofi"  by  Aristotle — were  nearly  iden- 
tical, in  respect  to  periodical  revolutions,  with  those  of  the 
Stoics.     Like,  the  philosophy  of  the  Stoics,  that  of  Pjt 
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oms  was  drawn  from  the  older  civilization  of  Egypt  autl 
Persia. 

The  Ionics  discoursed  much  of  the  origin  of  things,  and 
agreed  with  the  Epicureans  and  Stoics  in  their  doctrine  oi 
secular  catastrophes. 

Plato,  the  preceptor  of  the  Academics,  admits  that  the 
earth  is  subject  to  the  transformation  of  deluges  and  con- 
flagrations, but  expresses  the  belief  that  the  universe,  as  a 
whole,  is  something  so  beautiful  and  noble  that  the  good- 
ness of  God  will  perpetuate  its  existence. 

Aristotle  alone,  of  all  the  ancient  philosophers,  main- 
tained the  eternity  both  of  the  matter  of  the  universe  and 
of  the  existing  order.  He  confesses  to  a  pride  in  this,  since 
the  doctrine,  as  he  claims,  is  at  variance  with  the  unani- 
mous belief  of  antiquity. 

Among  the  Romans,  Lucretius,  Lucan,  and  Ovid  openly 
discourse  upon  the  prevalent  doctrine  of  periodical  catas- 
trophes ;  and  Cicero,  who  intermeddled  with  all  learning, 
assures  us  that  the  memory  of  mighty  deeds  can  not  be 
eternal,  since  conflagrations  and  deluges  periodically  obUt- 
erate  all  record  of  human  achievements. 

The  Celts,  according  to  Strabo,  held  the  same  traditions 
in  the  w^est  as  were  current  among  the  nations  of  the  east 
of  Europe.  Their  Druids  secured  the  world  an  immortal- 
ity only  through  periodic  ordeals  by  fire  and  water. 

The  Persians  represent  their  god.  Fire,  as  the  final  aven- 
ger of  the  sins  of  men,  and  the  destroyer  of  the  world. 

Among  the  Arabians  and  Indians,  the  story  of  the  Phoe- 
nix is  an  allegory  of  the  earth.  Tliis  bird  of  fable  no  sooner 
crumbles  to  ashes  than  she  rises  again  in  more  than  pris- 
tine beauty.  They  have  a  similar  fable  of  the  eagle,  which 
is  represented  as  soaring  so  near  the  sun  as  to  renew  his 
youth.  Allusion  seems  to  be  made  to  this  myth  in  the 
Psalms,  where  David  says :  "  Thy  youth  is  renewed  like  the 
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eagle's" — a  passage  which  the  Chaldee  paraphrase  reu- 
ders,  "  Thou  shalt  I'eoew  thy  yonth  like  the  eagle  in  the 
world  to  come."* 

The  Aztecs,  according  to  HamboMt,  felt  the  curioBity 
commoa  to  man  in  every  stage  of  civilization,  to  lift  the 
veil  which  covers  the  myateriouB  past  and  tlie  more  awful 
future.  They  sought  relief,  like  the  natlooa  of  the  old  con- 
tinent, from  the  oppressive  idea  of  eternity  by  breaking  it 
up  into  distinct  periods  or  cycles  of  time,  each  of  several 
thousand  years  duration.  There  were  four  of  these  cycles, 
and,  at  the  end  of  each,  by  the  agency  of  one  of  the  ele- 
ments, the  human  family  was  swept  from  the  earth,  and 
the  sun  blotted  from  the  heavens,  to  be  again  rekindled. 
The  Aztec's  conception  of  the  origin  of  man  iet  nobler,  and 
more  approximated  to  that  of  the  Jewish  Scriptures,  than 
either  the  Egyptian  or  the  Hindoo.  The  following  are  ex-' 
tracts  from  a  translation  of  the  Popol  Vuh,  or  National 
Book  of  the  Quiches  of  Guatemala.  How  marvelously  con- 
formable is  the  first  extract  to  the  story  of  the  earth  as  re- 
cited by  geology ! 

"There  was  not  yet  a  single  man;  not  an  animal;  nei- 
ther birds,  nor  fishes,  nor  crabs,  nor  wood,  nor  stone,  nor 
ravines,  nor  lierbs,  nor  forests;  only  the  sky  existed.  The 
face  of  the  land  was  not  seen;  there  was  only  the  silent  sea 
and  the  sky.  There  was  not  yet  a  body,  naught  to  attach 
itself  to  another ;  naught  that  balanced  itself,  naught  that 
made  a  sound  in  the  sky.  There  was  nothing  that  stood 
upright ;  naught  there  was  but  the  peaceful  sea— the  sea 
silent  and  solitary  in  its  limits ;  for  there  was  nothing  that 
was.  *  *  *  Tliose  who  fecundate,  those  who  give  being, 
are  upon  the  waters  like  a  growing  light.  *  ♦  *  While 
they  consulted  the  day  broke,  and  at  the  moment  of  dawn 
man  appeared.  •  •  *  Thus  they  consulted  whUe  foejarth 
*  "{nmunda  Tmturo  rennvabis,  sicut  aqmlK,  h 
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ijrow.  Tims,  verily,  took  place  the  creation  as  the  earth 
(•nine  into  bcin<j:.  'Earth,'  said  they;  and  the  earth  existed. 
Like  a  log,  like  a  cloud  was  its  formation ;  as  huge  fishes 
rise  in  the  water,  so  rose  the  mountains ;  and  in  a  moment 
the  high  mountains  existed." 

The  ibregoing  extract  is  from  the  history  of  the  first  cre- 
ation. It  can  110^  be  necessary  to  point  out  the  parallels 
between  this  passage  and  the  pictures  drawn  by  the  classic 
poets — especially  Ovid — nor  even  to  direct  attention  to  the 
l)oiuts  of  coincidence  with  the  Mosaic  account  of  chaos'and 
incipient  order.  The  following  passage  is  from  the  account 
of  the  fourth  and  last  creation : 

"  Hear,  now,  when  it  was  first  thought  of  man,  and  of 
what  man  should  be  formed.  At  that  time  spake  he  who 
gives  life,  and  he  who  gives  form,  the  Maker  and  Moulder, 
flamed  Tepen,  Gucumatz :  *  The  day  draws  near ;  the  work 
is  done ;  the  supporter,  the  servant  is  ennobled ;  he  is  the 
son  of  light,  the  child  of  whiteness ;  man  is  honored ;  the 
race  of  man  is  on  the  earth ;'  so  they  spake.  *  *  *  Imme- 
diately they  began  to  speak  of  making  our  first  mother 
and  our  father.  Only  of  yellow  corn  and  of  white  com 
were  their  flesh,  and  the  substance  of  the  arms  and  leers  of 
man.  They  were  called  simply  beings^  formed  and  fash- 
ioned ;  they  had  neither  mother  nor  father ;  we  call  them 
simply  inert.  Woman  did  not  bring  them  forth,  nor  were 
they  born  of  the  Builder  and  Moulder,  of  Him  \vho  fecun- 
dates and  of  Him  who  gives  being.  But  it  was  a  miracle, 
an  enchantment  worked  by  the  Maker  and  Moulder,  bv 
Him  who  fecundates  and  Him  who  gives  being. 

"  Thought  was  in  them ;  they  saw ;  they  looked  around ; 
their  vision  took  in  all  things ;  they  perceived  the  world ; 
they  cast  their  eyes  from  the  sky  to  the  earth." 

"Then  they  were  asked  by  the  Builder  and  Moulder, 
'  What  think  ye  of  your  being ?    See  ye  not?    Understand 
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ye  not  ?  Your  language,  your  limbs,  are  they  not  good  ? 
Look  around  beneath  the  heavens ;  see  ye  not  the  moun- 
tains and  the  plains  ?' 

"  Then  they  looked,  and  saw  all  that  there  was  beneath 
the  heavens.  And  they  gave  thanks  to  the  Maker  and  the 
Moulder,  saying,  '  Truly,  twice  and  three  times,  thanks ! 
We  have  being ;  we  have  been  given  a  mouth,  a  face ;  we 
speak,  we  understand,  we  think,  we  walk,  we  feel,  and  we 
know  that  which  is  far  and  that  which  is  near.  All  great 
things  and  small  on  the  earth  and  in  the  sky  do  we  see. 
Thanks  to  thee,  O  Maker,  O  Moulder,  that  we  have  been 

m 

created,  that  we  have  our  being,  O  our  Grandmother,  O 
our  Grandfather !'  "* 

I  can  not  help  regarding  these  sentiments — these  rever- 
ies of  the  uninspired  and  uninstructed  intellect  of  man  feel- 
ing after  the  mystery  of  his  origin  and  the  origin  of  created 
things — as  equaling  in  sublimity  the  contemplations  of  li 
Socrates  or  a  Plato  groping  by  the  dim  liglit  of  reason  for 
an  outlook  into  the  future  of  the  soul. 

*  Histoire  des  nations  civilisees  du  Mexique  et  de  TAmerique  centrale, 
dorant  les  si^cles  anterieurs  k  Christophe  Colomb,  ^crite  sur  des  docu- 
ments originaux  et  enti^rement  in^dits,  puises  aux  anciennes  archives  der. 
indigenes,  par  M.  I'abbe  Brasseur  de  Bourbourg,  4  forts  vol.  in  -8  raisin 
avec  carte  et  figures. 
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CHAPTER  XXXV. 

SOME   THOUGHTS    ON   PERPETUAL    MpTIOX. 

FROM  the  citations  made  in  the  last  chapter  we  dis- 
cover the  existence  of  a  unanimity  of  belief  in  the  doc- 
trine of  periodical  catastrophes  which  is  well  calculated  to 
excite  a  spirit  of  scientific  curiosity.  It  can  scarcely  be 
attributed  to  a  mere  tradition  descending  through  the 
ages,  and  through  all  the  nations  between  us  and  the  an- 
cient sages  upon  the  banks  of  the  Ganges.  Mere  tradi- 
tion is  generally  circumscribed  by  the  nationality  or  race 
among  whom  it  originates.  A  tradition  of  a  philosophic 
character  must  have  been  subjected  to  the  scrutiny  of  the 
philosophers-  of  the  nations  to  which  it  traveled.  If  ad- 
mitted, and  mahitained,  and  perpetuated  from  age  to  age 
amonor  different  nations,  it  must  have  been  because  reco^- 
nized  as  something  more  than  a  tradition.  The  philosophy 
of  Greece  and  Rome  never  harbored  a  tenet  wliich  could 
only  be  defended  as  an  Oriental  tradition.  It  must  have 
discovered  some  rational  grounds  for  the  acceptance  of  this 
belief,  and  thus  have  made  it  a  philosophic  principle. 

What  were  the  grounds  of  the  naturalization  of  this  Ori- 
ental faith  we  might  be*unable  to  determine.  Pythagoras, 
however,  explicitly  taught  that  his  faith  was  founded  on 
an  observation  of  geological  phenomena ;  and  Lyell  thinks 
that  the  doctrine  in  general  was  based  upon  records  and 
traditions  of  deluges  and  earthquakes,  any  of  which  came 
far  short  of  revolutionizing  the  face  of  the  earth. 

A  doctrine  so  ineradicable,  and  so  spontaneous  in  everv 
soil,  must  have  rested  upon  a  rational  belief.     That  belief 
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may  be  of  the  nature  and  authority  of  an  intuitive  senti- 
ment.  The  unanimous  consent  of  mankind  to  any  propo- 
sition is  to  be  regarded  as  the  utterance  of  humanity.  That 
which  our  common  humanity  expresses  is  the  expresaion 
of  the  Author  of  our  humanity;  it  is  a  kind  of  revelation, 
and  will  be  found  in  all  cases  to  correspond  to  a  reality. 

But  we  are  not  compelled  to  refer  this  doctrine  to  any 
spontaneous,  and  universal,  and  necessary  intimations  Row- 
ing out  of  the  constitijtion  of  human  nature.  Why  may 
not  this  faith  have  been  a  grand  generalization  reached  in 
common  by  the  philosophic  minds  of  all  ages  ?  The  facta 
of  Nature  have  always  been  patent  to  all  the  world.  Tlie 
phenomena  upon  which  we  have  reared  the  stupendous 
structure  of  the  modem  sciences  were  as  open  to  the  scm- 
tiny  of  Thales,  and  Pythagoras,  and  Plato  as  to  us.  There 
are  acientijic  grounds  for  such  beliefs;  and  the  ancient 
aages,  though  they  certainly  failed  to  appreciate  the  data 
of  science  to  the  same  extent  as  ourselves,  may  reasonably 
be  supposedto  have  caught  glimpses  of  majestic  inductions 
which  involved  the  destrnctiori  of  terrestrial  order,  or  even 
the  order  of  the  material  universe. 

We  stand  now  in  the  presence  of  those  grand  and  in- 
structive phenomena.  On  an  eminence  in  the  midst  of  the 
visible  universe,  with  the  multitudinous  events  of  earth 
and  heaven  transpiring  before  our  eyes — a  universe  flooded 
by  the  ethereal  light  of  modem  science — our  intelligence 
gifted  with  the  power  to  penetrate  to  the  core  of  the  earth, 
or  fly  beyond  the  flight  of  the  most  erratic  comet — or  pierce 
the  gloom  of  a  million  ages  passed — or  hft  the  veil  which 
opens  the  vista  of  a  million  ages  to  come — and  here,  in  this 
favored  position,  we  ask  ourselves  what  tides  we  witness  in 
the  flow  of  terrestrial  and  cosmical  events.  It  is  a  sublime 
query.  With  boldness,  but  with  humility  and  reverence, 
let  us  seek  the  a 
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Looking  :irouiitl  us,  we  beliold  all  Xature  instinct  with 
motion.     Tho  winter  winds  are  hurrying  to  and  fro;  the 
storm-cloud  scjitters  moisture  from  the  mountains  to  the 
sea;  the  noisy  torrent  foams  down  the  hill-side,  and  the 
miijestic  river  winds  ceaselessly  to  the  ocean  ;  vapors  rise 
from  the  ground  and  descend  again  in  rain  and  snow ;  the 
punctual  tide  peHbrms  unweariedly  its  daily  perambulation 
of  tfte  globe;  the  waves'  hoarse  growl  along  the  rocky 
beach  is  never  stilled.     The  forces  .of  matter,  in  their  mul- 
tiple fonns  and  their  myriad  labors,  keep  every  element 
and  every  atom  constantly  astir.     If  we  look  up,  the  sun, 
and  moon,  and  stars  are  on  their  journeys.     Every  planet- 
ary orb  and  every  satellite  is  full  of  motion.      Even  while 
it  performs  its  stupendous  journey  about  the  sun,  it  is  for- 
ever shifting  its  attitude  in  respect  to  itself     K'qt  content 
with  orbital  and  axial  motions,  each  planet  nods  grandly 
from  its  ethereal  altitude,  and  keeps  time  with  the  rhythm 
of  the  solar  year.     The  stars  which  we  call  "  fixed"  are 
probably  in  motion,  since  twenty  or  thirty  pairs  of  stars 
are  seen  to  revolve  about  each  other ;  and,  if  the  wonderful 
induction  of  M'adler  is  to  be  credited,  our  sun,  with  his  ret- 
inue of  over  a  hundred  planets,  satellites,  and  comets,  is 
sweeping    through   sj^ace    on    a    stupendous   journey   of 
18,000,000  of  years.       • 

Now  we  start  the  inquiry  whether  all  this  motion  can  be 
perpetuated  forever.  Motion,  according  to  the  new  philos- 
ophy, is  but  one  of  the  modes  of  heat,  or  electricitv,  or 
light,  or  magnetism,  or  chemical  affinity.  Under  cert  am 
circumstances,  one  of  these  forms  of  force  is  changed  into 
another.  It  is  a  law  of  every  form  of  force  to  seek  a  stat- 
ical equilibrhwi,  and  the  transformation  of  a  force  signal- 
izes its  attainment  of  an  equilibrium.  A  hammer  descends 
upon  a  bar  of  steel  and  comes  to  rest ;  the  7notio9i  is  coun- 
teracted, but  at  this  instant,  and  in  consequence  of  its  dis- 
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appearance  in  the  form  of  motion,  it  reappears  in  the  form 
of  heat.  This  heat  seeka  an  equilibriuna  by  tranBferring 
itself  to  the  colder  air,  in  which  motion  reappears  in  the 
heated  ascending  column.  But  this  motion,  in  turn,  disap- 
pears when  the  heated  column,  by  transference  of  its  heat, 
has  ceased  to.  be  warmer  than  the  contiguous  air.  AH 
force  is  seeking  some  affinity  with  which  it  may  be  at  r^st, 
or  it  is  striving  to  effect  a  motion  which  will  bruig  its  ac- 
tivities to  rest.  In  obedience  to  the  force  of  gravity,  rain 
falls  from  the  clouds,  gathers  itself  into  little  rills,  which, 
uniting  their  forces,  join  arms  with  the  brooklet,  and  thence 
glide  in  company  with  the  rivnlet  to  the  outlet  of  the  val- 
ley, and  wend  tlieir  way  to  the  sea.  In  the  deep  bed  of 
the  ocean  the  waters  rest.  The  demand  of  gravity  is  eat- 
isfied.  The  friction  of  ascending  vapors  upon  the  atmos- 
phere disturbs  the  equilibrium  of  the  electricities;  they 
Hash  in  anger  from  cloud  to  cloud,  and  between  the  clouds 
and  the  earth,  ever  striving  to  restore  the  equilibrium. 
When  that  ia  effected,  all  the  phenomena  resulting  from 
electrical  action  cease,  and  would  forever  cease  were  not  a 
fresh  disturbance  introduced.  If  the  electricities  are  again 
disturbed,  it  ia  becanae  some  other  force  is  seeking  its  equi- 
librium. This  other  force  is  out  of  equilibrium  because 
some  third  force  has  created  disturbance  in  the  search  for 
its  own  equilibrium,  and  thus  link  hangs  upon  link  in 
this  chain  of  causation.  Wc  know  not  how  far  back  the 
remotest  disturbing  force  may  lie,  but  of  this  we  may  be 
certain ;  there  is  -somewhere,  or  will  be  somewhere  in  the 
future,  a  last  disturbuig  force.  Behind  this,  all  is  rest. 
When  this  has  attained  its  equilibrium,  all  the  phenomena 
resulting  from  the  struggle  of  the  forces  will  cease. 

This  is  a  mere  abstract  statement  of  the  case.  It  pos- 
sesses a  higher  significance  than  we  may  suspect.  The  ar 
gnment  concerns  the  stability  of  the  very  earth  on  which 
R2 
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WO  treat!.  Every  one  has  heard  of  the  chimera  of  "perpet- 
ual motion."  Not  every  one,  however,  has  considered  that 
the  impossibility  of  perpetual  motion  results  from  the  im- 
possibility of  transforming  forces  in  a  perpetual  circle. 
Force  shuns  perpetual  motion.  It  tolerates  no  such  mo- 
notony. It  is  seeking  rest.  In  larger  or  smaller  quantities 
it  steals  away  from  you,  and  lies  down  to  a  quiet  slumber, 
while  your  machine  is  deserted  and  motionless  as  a  corpse. 
Ileat  filters  in  every  direction  through  the  atmosphere; 
motion  steals  through  the  bearings  of  your  wheels  and, 
under  the  guise  of  frictional  heat^  it  sneaks  away  from  your 
control. 

All  motion  is  mechanical.  There  is  no  motion  in  the 
heavens  above,  or  upon  the  earth  beneath,  which  is  not  ef- 
fected by  the  self-same  forces  as  we  incorporate  in  a  steam- 
engine,  or  vainly  strive  to  chain  to  the  drudgery  of  perpet- 
ual motion.  Every  movement  which  we  witness  upon  the 
earth — whether  of  winds,  or  clouds,  or  waters,  or  quaking 
mountains,  is  but  the  motion  of  some  part  of  a  machine. 
The  earth  is  a  piece  of  mechanism.  The  varied  motions 
which  w^e  witness  upon  its  surface  arise  from  the  perpetual 
transformations  of  force.  The  solar  system  is  a  piece  of 
mechanism.  All  its  visible  motions  have  been  demon- 
strated to  arise  from  the  action  of  the  same  force  as  that 
which  drives  a  water-wheel  or  a  hydraulic  ram. 

The  question  then  arises  whether  the  motions  of  a  great 
machine  are  more  likely  to  be  perpetuated  than  those  of  a 
small  one.  A  vast  and  complicated  machine  can  be  noth- 
ing more  than  a  concatenation  of  small  ones.  The  very 
statement  of  the  case  suggests  a  negative  response.  Ter- 
restrial forces,  like  those  which  impel  the  locomotive,  artf 
wearing  themselves  out.  All  their  activities  are  destined 
to  be  invaded  by  the  sluggishness  of  age — by  the  torpor 
of  (loath.     The  cosmical  machine,  like  a  clock,  is  running 


down,  and,  like  a.  clock,  will  eventually  demand  the  inter- 
position of  an  Intelligent  Will  to  re-establish  its  motion. 
The  denial  of  ii^  proposition  drives  us  to  one  of  the  fol- 
lowing alternatives :  first,  that  there  exists  in  Nature  an 
endless  series  of  causation — the  remotest  assignable  cause 
still  hanging  upon  another  cause  not  higher  than  a  material 
force — a  conclusion  entirely  at  variance  with  onr  intuitive 
cognition  of  primary  causation ;  or,  secondly,  that  one  or 
more  of  the  series  of  causes  can  act  in  different  modes,  so 
-  that  what  had  just  been  done  is  presently  undone,  or  done 
differently,  and  thus  new  conditions  created  for  the  re- 
newed activity  of  other  forces.  But  the  supposition  of  a 
change  in  the  mode  of  action  of  any  force  or  cause'  contra- 
dicts a  fundamental  axiom  of  philosophy.  We  have  no  au- 
thority for  such  an  assumption,  and  are  not  at  liberty  to 
resort  to  it. 

It  can  not  be  denied  that  these  are  conclusions  which  are 
repugnant  to  the  popular  apprehension  of  Nature's  opera- 
tions. The  thought  of  a  "  machine,"  moreover,  suggests 
self-action,  and  seems  at  first  to  exclude  that  intelligent 
special  agency  in  Nature  which  we  call  Providence.  The 
solar  sysTera  is,  nevertheless,  a -combination  of  matter  and 
force  whose  movements  can  be  calculated  with  the  same 
precision  as  those  of  a  steam  printing-press.  If  it  be  neces- 
sary to  protect  our  notion  of  a  Providence,  let  us  suppose 
that  those  mighty  forces  which  handle  planets  as  if  they 
were  engaged  in  a  "  game  of  tall"  are  not  energies  inher- 
ent in  matter,  but  the  immediate  efforts  of  a  divine  wili. 
It  may  he  so,  Tliere  is  no  logic  which  can  overthrow  the 
assumption.  But  in  either  case,  these  energies  are  put 
"forth  according  to  intelligible  und  unvarying  methods/  and 
all  that  science  asserts  is,  that  ij"  the  methods  remain  the 
same — that  is,  if  the  laws  of  Nature  continue  unchanged — 
the  course  of  cosmical  activities  will  complete  its  round. 
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All  the  material  forces,  therefore,  of  the  universe,  both 
mechanical  and  physiological,  with  their  actions  and  reac- 
tions, their  equilibria  and  perturbations,  are  tending  grad- 
ually toward  a  general  and  permanent  rest.  The  threads 
of  their  mutual  connection  may  be  closely  interwoven,  but 
somewhere  there  is  a  beginning  and  an  end.  Within  the 
grand  cycle  of  their  active  lifetime  apparent  circles  m.ay 
be  described,  but,  like  the  eddies  of  a  river  stream,  they  are 
lost  in  the  general  current,  or,  like  the  gyrations  of  a  disk 
descending  through  the  sea,  they  are  only  apparent,  and 
wend  their  way  toward  ultimate  rest.  The  same  exact 
conditions  are  never  reproduced.  [See  Appendix,  Note 
IX.] 
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CHAPTER  XXXVl 

WHX  THE   MOUNTAINS   BE   LEVELED? 

LET  ns  now  direct  our  attention  to  a  more  specific  ex- 
amination of  the  circumstances  under  which  the  visi- 
ble activities  of  our  terrestrial  abode  are  carried  on.  The 
fact  which  first  and  most  strongly  aiTests  our  attention  is 
the  presence  of  universal  and  perpetual  change.  This  fact 
atone  demonstrates  that  the  e-viatiug  terrestrial  order  had 
a  beginninff.  Work  is  in  progress  before  our  eyes;  we 
may  easily  determine  what  has  been  accomplished  and  what 
remains  to  be  accomplished.  Had  these  changes  been  in 
progress  from  all  eternity,  every  thing  whiob  existing  forces 
are  capable  of  effecting  would  have  been  consummated  an 
eternity  since,  and  physical  stagnation  would  now  be  reign- 
ing. It  is  equally  plain  that  the  work  which  remains  to  be 
accomplished  is  a  finite  work,  and  is  destined  to  be  accom- 
plished in  finite  duration. 

"What  is  the  work  with  which  terrestrial  forces  are  oc- 
cupied? What  are  the  labors  of  oceans,,  and  winds,  and 
rains,  and  frost,  and  mountain  torrents,  and  swollen  streams, 
and  pent-up  fires  ?  We  witness  here  a  grand  antagonism 
of  Nature's  energies.  While  on  one  hand  Nature  has  ex- 
erted herself  to  rear  the  continents,  on  the  otber  hand  a 
different  set  of  forces  has  been  equally  assiduous  in  beating 
them  down.  There  was  a  time  whan  the  igneous  forces 
possessed  the  advantage,  and  island,  and  continent,  and 
Alp  rose  triumphant  over  the  sea.  That  was  the  age 
when  the  igneous  forces  were  in  their  youth.     Then  all 

leir  elastic  energies  were  commissioned  to  i-ear  a  dwell- 
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ing-place  for  man.  But,  during  geologic  ages  unnumbered, 
the  powers  of  water  have  been  wrestling  with  the  powers 
of  fire.  Rains  and  floods  have  been  tearing  down  what 
fire  had  built.  The  energies  of  fire  have  been  wasting ; 
the  earthquake  and  the  volcano  have  been  stricken  with 
the  palsy  of  age.  Old  Ocean,  however,  is  still  in  his  youth. 
The  volcano  had  been  smitten  with  decrepitude  even  before 
the  ocean  had  its  birth.  The  denuding  and  destroying 
agencies  of  Nature  have  gained  the  ascendency,  and,  in  the 
inevitable  order  of  things,  are  destined  to  retain  it. 

Let  us  glance  at  the  labors  of  water  in  leveling  the  ine- 
qualities which  ancient  volcanic  energy  had  long  ago  cre- 
ated upon  the  surface  of  our  planet.  Throughout  the  whole 
extent  of  the  circumambient  sea,  the  tireless  surge  is  gnaw- 
ing at  the  rock-bound  shore,  and  mouthful  by  mouthfiil 
the  continents  and  the  islands  are  being  swallowed  up. 
The  sediment  which  every  summer  shower  washes  down 
the  hill-side  is  so  much  material  taken  from  the  hill-top  and 
deposited  in  the  valley.  1  he  deep  mould  of  the  alluvial 
iiat  is  made  up  of  the  spoils  of  the  adjacent  declivities. 
By  as  much  as  the  valley  is  raised,  the  hills  are  lowered. 
The  turbid  waters  of  a  winter  stream  are  hurrying  off  with 
a  freight  of  sediment  stolen  from  a  hundred  townships. 
The  mud  which  .settles  in  my  glass  of  river  water  upon  a 
Mississippi  steam-boat  is  a  mouthful  of  the  Rocky  Moun- 
tains— or  perchance  of  the  Alleglianies — or,  what  is  still 
more  probable,  it  is  a  whole  museum  of  soils,  gathered  from 
the  fertile  farms  of  New  York  and  Pennsylvania — from  the 
sandy  cliffs  of  the  Great  Kenawha— from  the  clayey  slopes 
of  Cincinnati — fromtlje  slimy  borders  of  Lake  Pepin — from 
the  melon-patch  of  a  Cheyenne  squaw,  and  from  the  beet- 
ling cliffs  of  the  far-off  Yellowstone.  Of  what  part  of  the 
country  is  not  this  slime  the  washing?  From  month  to 
montli,  and  from  year  to  year,  and  from  age  to  age,  this 
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Rrtately  river  ia  floating  off  the  land — not  noisily,  but  b»1- 
'  lenly  and  angrily,  as  if  the  waters  had  Bome  great  wrong 
to  avenge  upon  the  land.  And  all  these  filchings  from  the 
monntain  and  the  plain  arc  restored  again  to  the  sea.  Old 
Ocean  is  receiving  back  his  own.  The  rivers  are  hia  allies, 
and  right  faitlifiilly  do  they  for^e  to  supply  the  cravings 
of  liis  insatiate  maw. 

"We  witness  such  jeork  in  progress  during  the  brief  mo- 
K  ment  of  our  tarry  upon  the  earth.     We  look  back  along 
Ithis  line  of  operations,  and  discern  for  the  first  time  the  gl- 
'  gantic  results  which  have  already  been  achieved  by  the 
wearing  agency  of  waters.     Not  during  the  lii'etime  of 
Adam's  race  alone,  but  during  the  age  of  quadrupeds  whic!i 
preceded  him — through  the  dynasty  of  reptiles,  still  more 
ancient,  have  these  denuding  forces  been  ceaselessly  en- 
gaged in  scraping,  and  gouging,  and  soarring  the  face  of 
.  Nature.  River-beds  have  been  deeply  excavated  and  again 
L.obliterated  by  a  plethora  of  rubbish  poured  forwardby 
■  Home  more  gigantic  operation.     Lake  basins  have  been 
1   scooped  out — Niagara  gorges  dug*— square,  miles  of  land, 
with  its  underlying  i-ocky  floors,  have  been  swept  away. 
From  the  summits  of  the  Catsldll  Mountains  the  Old  Red 
Sandstone  once  stretched  eastward  perhaps  to  Massachu- 
setts Bay.     The  powers  of  water  have  strewn  it  over  Long 
Island  Sound,  and  f^r  to  the  seaward  of  Sandy  Hook.    The 
Cumberland  Table-land  once  reached  a  hundred  and  fifty 
miles  westward  over  the  basin  of  Middle  Tennessee.     The 
site  whereon  the  city  of  Nashville  now  stands  was  once  a 
thousand  feet  beneath  the  level  of  the  land.     Haifa  state 
was  scraped  away  to  extend  the  borders  of  Mississippi  and 
Alabama,    The  Alleghanies,  in  their  prime,  were  three  thou- 
sand feet  higher  than  human  eyes  have  ever  seen  them. 
Their  ancient  summits  are  sunken  in  the  Atlantic  and  the 
(lU If  of  Mexico.     Tlie  Great  Amenean  Desert  was  once  as 
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tile  as  the  Valley  of  the  Mississippi.  A  great  river 
Watered  it  for  a  thousand  miles,  while  a  hundred  tributa- 
ries dispensed  fertility  throughout  the  region  which  was 
then  the  garden,  as  it  is  now  the  desert,  of  the  continent. 
That  fertile  plateau  has  been  drained  to  Jeath.  Each 
stream  has  drilled  a  frightful  chasm  deep  through  the 
rocky  foundations  of  the  plain  (Fig.  96,  97).  The  mother 
stream,  the  Colorado,  dwarfed  to  a  withered  mockery  of 
what  it  was,  now  creeps  along  at  the  bottom  of  a  narrow 
gorge  whose  rooky  walls  rise,  in  places,  more  than  a  mile 
in  height.  From  the  brink  of  this  appalling  chasm,  three 
hundred  miles  in  length,  your  vision  struggles  down  sis 
thousand  feet  into  the  realm  of  twilight ;  and  in  this  prison 
the  attenuated  Colorado— patriarch  of  American  rivers — 
is  wasting  its  senile  energies  from  year  to  year,  but,  with 
"  the  ruling  passion  strong  in  death,"  it  is  still  carrying  off 
the  land,  even  though  each  season's  work  sinks  it  into  a 
deeper  grave. 

Such  are  the  works  of  running  streams, and  corroding 
waves.  The  record  of  tlieir  labors  is  the  utterance  of  the 
destiny  of  the  land.  History  inverted  becomes  prophecv- 
The  doom  of  the  mountains  is  engraven  upon  their  rocky 
feuttrcBsea,  Half  the  pride  of  the  Alleghanies  has  already 
l^n  removed.  Rounded  hill-top  is  dissolving  into  plain. 
Defiant  granite,  which  buffeted  the-  lightnings  that  rent 
Sinai,  and  frowned  upon  the  flood  that  drowned  "the 
world,"  shall  yet  be  brought  down  by  the  multitudinous 
pelting  of  rain,  and  the  insidious  sapping  of  fro^.  The 
Bionntains  sliall  be  wiped  ofl".  The  continents  shall  be 
1  out.  The  rivers  will  have  dug  their  graves.  Tho 
n  will  have  eaten  up  the  land;  and  all  there  was  of  the 
Itwelling-place  of  man  will  be  a  rocky  islet,  a  ragged  blufl^ 
fTa  sunken  reef — the  crumbs  that  fell  from  old  Ocean's  meal. 

Tlicre  was  a  time  when,  by  degrees,  the  continents  were 
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slowly  and  steadily  surging  from  the  sea.  The  sea,  robfeed 
of  hg,lf  his  dominions,  has  ever  since  been  raging  around 
the  borders  of  the  land.  At  last  he  will  again  reclaim  his 
own,  and  the  universal  empire  will  be  Neptune's. 

It  is  vain  to  hope  that  elevatory  forces  can  permanently 
avert  the  disappearance  of  the  land.  We  discover  here 
another  argument  against  the  vague  belief  entertained  by 
some,  that  the  human  fauna  is  to  be  succeeded  by  a  higher 
one,  as  it  has  itself  succeeded  the  lower.  Should  it  be  sup- 
posed that  the  ultimate  submergence  predicted  is  suffi- 
ciently remote  to  permit  the  interposition  of  a  superior 
race  of  intelligences,  I  recall  to  mind  the  evidences  that 
the  lands  are  wasting  and  deteriorating ;  the  river-beds  are 
deepening,  and  diminishing  the  sources  of  irrigation ;  and 
all  the  populated  regions  of  the  earth  are  slowly  approach- 
ing the  desert  condition  of  that  ancient  continent  drained 
by  the  Colorado.  Each  continental  surface  in  the  geolog- 
ical succession  is  the  exclusive  gift  to  a  single  great  fauna. 
A  single  race  witnesses  the  disappearance  of  the  freshness 
and  fertility  of  the  land.  A  new  race  would  demand  a 
thorough  renovation,  like  that  which  immediately  preceded 
the  advent  of  man.  Such  a  revolution  the  senescent  forces 
are  unable  to  inaugurate. 
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CHAPTER  XXXVn. 

THE    BEIGN   OF   UNIVERSAL  WINTER. 

WE  open  now  another  volume  of  geological  records. 
From  this  we  glean  another  prophecy. 
I  have  stated  that  the  energies  of  the  earth's  internal 
fires  are  waning.  There  is  a  chain  of  effects  which,  when 
we  trace  them  backward,  conduct  us  to  an  ancient  molten 
condition  of  the  world.  At  a  period  comparatively  recent, 
it  was  still  so  warm  that  tropical  vegetation  fiourished 
within  the  arctic  circle.  At  a  remoter  period,  neither  ani- 
mal nor  plant  could  endure  the  temperature  which  pre- 
vailed, nor  the  warfare  which  fire  and  water  jwrere  waging 
with  each  other.  We  retain  the  solid  monuments  of  a  ter- 
restrial condition  which  carries  us  still  deeper  into  the 
heart  of  eternity ;  when  the  whole  orb  was  a  glowing  ocean 
of  incandescent  lava,  while  yet  the  waters  of  the  earth 
hung  in  invisible  vapor  upon  the  outskirts  of  the  atmos- 
phere, like  a  concealed  foe  meditating  a  secret  attack  upon 
a  powerful  enemy. 

Few  who  have  studied  the  physics  of  the  globe,  and 
fewer  still  who  have  deciphered  geological  records,  doubt 
that  such^were  once  the  temperature  and  conditions  of  our 
planet.  From  that  state  to  this,  it  has  passed  by  the  sim- 
ple process  of  cooling.  We  trace  the  footsteps  of  this 
progress  at  every  stage.  Through  Azoic,  Eozoic,  Paleo- 
zoic, Mesozoic,  and  Cenozoic  Ages,  heal  has  been  gradually 
wasted  in  space — the  solid  crust  has  been  thickening — the 
surface  conditions  have  been  changing.  The  average  tem- 
perature of  to-dav,  instead  of  beinGj  a  state  that  is  destined 
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to  perpetuity,  is  but  a  pasSig  phase;  and  when  we  shall 
have  passed  away  with  the  other  transient  existences 
around  us,  some  succeeding  intelligence,  gifted  with  the 
power  to  travel  from  sphere  to  sphere,  will  note  the  world 
in  an  altered  condition. 

I  step  here  upon  ground  which  has  been  somewhat  con- 
tested. It  was  loug  since  alleged  that  if  our  world  be  still 
in  process  of  refrigeration,  a  sensible  reduction  in  temper- 
ature ought  to  have  taken  place  in  2000  years.  But  no 
such  reduction  has  been  satisfactorily  established,  though  it 
wiU  be  confessed  that  we  scarcely  Lave  exact  observations 
on  temperature  which  are  more  than  two  hundred  years 
old.  It  was  also  alleged  that  since  a  reduction  of  temper- 
ature must  be  accompanied  by  a  reduction  of  volume,  the 
rate  of  the  earth's  rotation  upon  its  axia  must  have  been 
accelerated.  But  Laplace  has  demonstrated  from  ancient 
observations  ,011  eclipses  that  the  mean  day  has  not  been 
diminished  -j^th  of  a  second  since  the  time  of  Hipparcbus, 
or  during  an  interval  of  2500  years.  These  negative  re- 
sults have  been  opposed  to  the  theory  of  Cordier  in  refer- 
ence to  the  former  high  temperature  of  the  earth,  and  it 
has,till  recently,  been  customary  to  speak  of  the  thermal.no 
less  than  the  astronom.ical  conditions  of  our  planet  as  con- 
stant. Poisson,  an  eminent  French  mathematician,  proved, 
as  was  supposed,  that  the  heat  escaping  from  the  earth  in 
the  latitude  of  Paris  was  only  sufficient  to  elevate  the  tem- 
perature of  a  column  of  water  eighteen  inches  high  the  tri- 
fling amount  of  one  degree  and  a  half  Vogt,  a  celebrated 
German  geologist,  affirms  that  the  existing  temperature  of 
the  surface  of  the  earth  is  but  one  twelfth  of  a  degree 
higher  than  it  would  be  if  the  earth  were  completely  cooled 
e  core.  According  to  the  later  researches  of  Pouillet, 
t  communicated  to  the  surface  of  the  earth  from  the 
J  fire  is  hut  one  fortieth  the  amount  received  from 
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the  sun ;  while,  according  to  Fourier's  celebrated  computa- 
tion, the  heat  radiated  from  the  earth's  surface  is  only  suf- 
ficient to  melt  a  layer  of  ice  ten  feet  thick  in  one  hundred 
years. 

The  most  conservative  of  these  results  may  be  regarded 
as  showing  that  our  earth  is  actually  losing  heat  to  a  per- 
ceptible and  measurable  extent.  Neither  is  the  amount 
ofheat.escaping  at  Paris  to  be  taken  as  the  measure  of  the 
reduction  of  the  temperature  of  the  mass  of  the  earth  in 
general.  There  are  three  hundred  active  volcanoes  in  ex- 
istence, from  the  craters  of  which  enormous  quantities  of 
^jpat  are  permitted  to  waste.  The  ocean,  too,  carries  off 
vastly  larger  quantities  than  the  land.  The  floor  of  the 
ocean  is  generally  overlaid  by  a  stratum  of  ice-cold  water 
setting  southward  from  the  polar  regions.  This  cold  stream 
is  overlaid  by  a  warmer  one  moving  northward  from  the 
tropics.  Water  being  a  better  conductor  of  heat  than  at- 
mospheric air,  this  cold  stratum  must  necessarily  abstract 
terrestrial  heat  with  vastly  greater  rapidity  than  the  aver- 
age atmosphere  of  the  temperate  zone.  Many  observations 
indicate  that  the  temperature  of  the  solid  crust  beneath  the 
waters  of  the  ocean  is  much  higher  than  that  of  continent- 
al surfaces,  and  hence  imparts  its  warmth  in  larger  quan- 
tities. Throughout  all  that  part  of  the  Frozen  Ocean  north 
of  Europe  and  Asia,  the  temperature  is  found  to  increase 
at  considerable  depths,  contrary  to  the  well-known  laws  of 
hydrostatics.  [See  Appendix,  Note  X.]  The  same  phe- 
nomenon has  been  observed  on  the  coast  of  Australia,  in 
the  Adriatic,  and  Lago  Maggiore.  •  Horner  asserts  that  in 
the  deep  soundings  of  the  Gulf  Stream,  off  the  coast  of  the 
United  States,  the  lead,  when  drawn  up, "  used  to  be  hotter 
than  boiling  water." 

These  facts,  with  others,  seem  to  demonstrate  that  our 
planet  is  wasting  its  warmth  many  times  faster  than  the 
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'  calculations  of  the  mathematiciana  would  indicate.  It 
aeems  inevitable,  therefore,  that  the  earth  should  have  ex- 
pended sufficient  heat  in  2600  years  to  effect  a  sensible  re- 
duction in  the  length  of  the  day. 

Thanks  to  the  mathematicians,  they  have  again  come  to 
I  our  aid.  The  tide-wave  is  a.  protuberance  of  the  ocean- 
I  waters  raised  by  the  moon,  and  following  the  moon  around 
[  the  earth  from  east  to  west.  This  motion  is  contrary  to 
w  the  earth's  diurnal  rotation,  and  the  friction  of  the  tidal 
I  waters  against  the  shore  and  the  standing  waters  must 
I  necessarily  tend  to  retard  the  rotary  motion  of  the  earth. 
I,  Now  it  has  been  calculated  that  this  retardation  must  have 
I  amounted  to  one  sixteenth  of  a  Bccoud  in  2500  years.  lij 
I  therefore,  no  counteracting  tendency  has  been  experienced, 
I  the  sidereal  day  is  one  sixteenth  of  a  second  longer  than  it 
I  was  in  the  time  of  Hipparchna.  But  Laplace  has  shown 
I  that  the  sidereal  day  haa  not  varied  in  length.  It  follows, 
I:  therefore,  that  the  shrinkage  of  the  earth  from  loss  of  heat 
I  has  tended  to  accelerate  its  rotation  to  tlie  extent  of  one 
1'  sixteenth  of  a  second  in  twenty-five  centuries.  Such  an 
I  acceleration  corresponds  to  a  shortening  of  the  diameter 
■  about  sixty  feet,  and  a  reduction  of  the  temperature  of  the 
k  whole  mass  of  the  earth  one  fourteenth  of  a  degree. 
I  When  the  earth  was  in  its  youth,  just  emerging  from  a 
I  molten  state,  the  loss  of  heat  and  consequent  contraction 
I  must  necessarily  have  been  rapid.  During  this  period  the 
I  sidereal  day  underwent  a  much  more  rapid  shortening  than 
I  at  present.  In  the  distant  future,  on  the  contrary,  the  loos 
I  of  heat  will  become  diminished  to  an  extreme  extent,  and, 
I  as  a  consequence,  the  rdlfcdation  caused  by  the  tide-wave 
I  will  gain  the  ascendency,  and  the  day  will  eventually  be 
I  lengthened  to  such  an  extent  that  the  earth  will  always 
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of  our  race,  as  Mayer  suggests,  occupies  consequently  the 
comparatively  brief  space  during  which  the  retarding  and 
accelerating  tendencies  neutralize  each  other. 

These  are  the  determinations  of  exact  science.  Mathe- 
matics have  demonstrated  that  the  cooling  process  which 
geology  affirms  of  the  past  is  certainly  in  progress  in  the 
present.  It  is  immaterial  how  slow  the  process  may  be ; 
the  ultimate  total  refrigeration  of  the  earth  is  a  result 
which  time  will  accomplish.  Time,  I  say,  since  after  the 
work  "is  completed  eternity  will  stretch  onward  as  fresh, 
and  inexhaustible,  and  limitless  as  when  the  career  of  plan- 
etary matter  began. 

This  earth,  to  which  our  life-long  round  of  labor  and  care 
is  limited  by  an  inexorable  decree,  was  once  a  self-luminous 
orb.  Far  away  in  space,  where  Sirius  was  gleaming  with 
his  silver,  or,  perchance,  his  ruddy  light,  dwelt  intelligent 
beings  upon  a  planet  which  had  already  attained  a  habita- 
ble condition.  From  that  abode  the  astronomer  found 
means  to  contemplate  the  fiery  globe  that  was  destined  to 
become  the  dwelling-place  of  man.  Centuries  of  centuries 
later,  the  astronomer  upon  that  distant  orb  noted  the  dis- 
appearance of  a  star  upon  which  his  predecessors  had  taken 
observations.  Our  planet  had  become  opaque.  Mists  had 
gathered  about  it,  and  the  ocean  had  descended  from  the 
clouds.  Never  more  has  this  once  resplendent  orb  greeted 
the  eye  of  the  astronomer  of  other  systems ;  and  while 
now  the  annals  of  his  science  perpetuate  the  memory  of  a 
lest  star,  that  star  first  becomes  a  reality  to  conscious  man. 
But  our  occupancy  of  the  terrestrial  globe  is  only  a  phase 
as  evanescent  as  the  self-luminou"stage.  While  we  build 
our  cities  and  recount  the  achievements  of  a  few  genera- 

^ns  past,  this  globe  of  matter  hurries  onward  in  its  des- 
3d  career  as  rapidly  as  a  million  years  ago,  when  mere- 
preparing  for  the  occupancy  of  Adam's  race.     Every 
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year  and  every  day  witnesses  the  dissipation  of  terrestrial 
warmth.  While  we  ponder  the  great  fact,  the  world  is 
growing  cold  beneath  our  feet.  The  current  of  events  is 
carrying  us  inevitably  to  a  state  of  total  refrigeration. 
Perhaps  the  mountains  will  have  been  leveled  first,  and  the 
continents  swallowed  up  in  the  sea.  Perhaps  the  volcano 
will  have  been  first  extinguished,  and  the  earthquake  will 
have  lain  down  to  its  final  slumber.  Buffon  imagined  that 
the  final  refrigeration  of  the  earth  would  introduce  the  rig- 
ors of  perpetual  winter,  and  render  our  planet  uninhabita- 
ble. Though  more  recent  investigators  have  asserted  that 
that  event  would  only  reduce  our  earth's  surface  tempera- 
ture one  fortieth  of  its  present  amount,  it  seems  difficult  to 
rest  upon  that  conclusion.  The  interior  of  the  earth  is 
probably  half  as  hot  as  the  sun.  The  earth's  molten  core 
is  separated  from  us  by  not  more  than  a  hundred  miles  of 
rocky  crust.  The  glowing  sun  is  a  million  times  farther  re- 
moved, and  yet,  it  is  alleged,  yields  forty  times  the  warmth 
which  we  derive  from  the  nearer  heat.  In  face  of  the  tes- 
timony of  figures,  it  is  scarcely  possible  to  doubt  that  the 
final  cooling  of  our  earth  will  exert  a  greater  influence 
upon  its  surface  conditions  than  these  philosophers  have 
dreamed. 
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CHAPTER  XXXYm. 

THE    SUX    COOLING     OFF. 

WE  are  not  driven  to  the  necessity  of  summoning  ex- 
aggerated and  imaginary  agencies  to  the  destruc- 
tion of  the  earth.  There  are  hostile  powers  reserved  for 
the  final  conflict  that  will  not  be  content  with  directing 
toward  us  merely  "  Quaker  guns." 

The  sun,  we  say,  affords  us  thirty-nine  fortieths  of  all  the 
warmth  which  we  enjoy,  and  we  feel  quite  unconcerned 
about  the  alleged  slow  cooling  of  the  earth.  To  the  son 
we  owe  the  numberless  activities  of  the  organic  and  inor- 
ganic worlds,  and  we  feel  quite  independent  of  the  wan- 
mg  temperature  of  this  dying  ember  which  we  call  the 
earth. 

The  amount  of  heat  dispensed  by  our  solar  orb  is  truly 
something  the  contemplation  of  which  overpowers  the  im- 
agination. The  rays  which  fall  upon  a  common  burning- 
glass,  converged  to  a  focus,  speedily  ignite  a  piece  of  wood. 
The  heat  which  is,  received  by  a  space  often  yards  square 
is  sufficient,  as  Ericsson  states,  to  drive  a  nine-horse  power 
engine.  The  amount  of  heat  which  falls  upon  half  a  Swe- 
dish square  mile  is  sufficient  to  actuate  64,800  engines,  each 
of  100  horse  power.  The  total  amount  of  heat  received 
annually  by  the  earth  would  melt  a  layer  of  ice  one  hun- 
dred feet  thick.     As  the  solar  heat  is  radiated  equally  in 

"  directions,  it  is  easily  calculated  that  the  total  emission 
eat  from  the  sun  is  2300  millions  of  times  the  whole 
ant  which  reaches  our  earth. 
ich  an  enormous  expenditure  of  heat  is  sufficient  to  re- 
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e  the  temperature  of  the  Hnn  two  and  one  fifth  degrees 
annually.  During  the  human  period  of  6000  years,  the 
temperature  would  have  been  reduced  more  than  19,000 
degrees.  At  such  a  rate  of  cooling  it  is  obvious  that  the 
Bun  must  speedily  cease  to  warm  our  planet  sufficiently  to 
Bustain  vegetable  and  animal  life.  But  it  is  certain  that 
the  sun's  high  temperature  has  been  maintained  during 
almost  countless  ages  anterior  to  the  commencement  of  the 
human  era.  Those  Titanic  reptiles  which  could  luxuriate 
only  under  tropical  warmth  flourished  a  hundred  thousand 
years  before  the  world  was  prepared  for  man;  and  those 
rank,  ujnbrageoua  ferns,  whoee  forma  we  trace  upon  the 
roof-shales  of  a  coal  mine,  existed  before  the  reptile  horde, 
and  purified  the  air  for  their  respiration. 

What  unseen  cause  has  perpetuated,  for  a  million  of 
years,  those  solar  fii-es  ?  Kepler  asserted  that  the  firma- 
ment is  as  full  of  comets  as  the  sea  is  of  fishes,  and  Newton 
Qoojectured  that  those  comets  are  the  fuel-carriers  of  the 
sun,  Alas  1  we  only  know  that  the  wandering  comet, 
though  flying  in  tantalizing  proximity  to  the  sun,  but  ac- 
celerates its  speed  and  'hurries  onwai'd,  as  virtue  hastens 
past  the  vortex  of  ruin.  Is  it  a  chemical  action  which 
maintains  the  solar  heat  ?  The  most  efficient  chemical  ac- 
tion for  this  purpose  is  combustion.  Now,  if  the  aunwere 
a  solid  mass  of  coal,  its  combustion  would  only  suffice  for 
the  brief  space  of  forty-six  centuries  to  replenish  the  solar 
system  with  its  vivifying  influence.  Is  it  the  effect  of  the 
sun's  rotation  on  his  axis?  Such  rotation  could  generate 
no  heat  without  *he  resistance  of  another  body.  Even  if 
that  other  body  were  presentj  a  calculation  based  upon  the 
sun's  mass  and  his  rate  of  rotation  shows  that  the  heat 
generated  could  only  supjily  the  expenditure  for  the  space 

e  hundred  and  eighty-three  years. 

ere  exifit^nevertbetoftat »  means  of  recuperation  to  the 
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solar  energy.  It  is  not  an  exhaustless  resource,  but  it  pro- 
longs materially  the  period  of  the  sun's  activity.  Though 
no  comet  has  been  known  to  fall  into  the  sun,  it  is  now  gen- 
erally admitted  that  cosmical  matter  is  raining  down  upon 
the  sun  from  every  direction. 

Besides  the  planetary  and  cometary  bodies  which  re- 
volve about  the  sun,  it  is  now  demonstrated  that  the  inter- 
planetary spaces  are  occupied  by  smaller  masses  of  matter, 
from  the  size  of  a  meteorite  to  particles  of  cosmical  dust. 
These  all  are  flowing  about  the  sim  in  a  circling  stream, 
but  forever  approaching  nearer  and  nearer,  until  they  are 
gradually  drawn  into  the  solar  fires.  The  showensf^^of  me- 
teoric hail  which  pelt  our  earth  at  certain  periods  of  the 
year  are  merely  cosmical  bodies  that  have  been  diverted 
from  their  path  by  the  proximity  of  the  earth  in  certain 
parts  of  her  orbit.  That  faint  cone  of  light  which  streams 
upward  from  the  setting  or  the  rising  sun,  near  the  time 
of  the  equinoxes,  is  but  a  zone  of  planetary  dust  illumina- 
ted by  the  sun's  rays — a  shower  of  matter  descending  upon 
the  solar  orb,  and  rendered  visible  to  us,  like  the  rain  sent 
down  from  a  summer  cloud  and  projected  upon  the  clear 
heavens  beyond. 

Arrested  motion  becomes  heat.  The  blacksmith's  ham- 
mer warms  the  cold  iron.  A  meteorite  falling  through  the 
earth's  atmosphere  develops  so  much  friction  as  to  gener- 
ate heat  sufficient  to  dissipate  the  body  into  vapor.  One 
of  these  cosmical  bodies  falling  upon  the  sun  must,  by 
the  concussion,  produce  about  7000  times  as  much  heat  is 
would  be  generated  by  an  equal  mass  of  coal.  It  is  thus 
that  the  enormously  high  temperature  of  our  sun  is  main- 
tained. 

But  the  very  mention  of  this  source  of  recuperation  of 
exhausted  solar  energy  suggests  a  limit  to  the  process. 
For  how  many  ages  can  the  cosmical  matter  within  the 


^ 


TRE  Snjf  COOLING    OFF.  411 

limits  of  the  solar  system  be  rained  down  upon  the  sun 
without  complete  exhaustion  ?  The  Kpace  inclosed  by  the 
orbit  of  Neptune  ia  not  infinite.  The  supply  of  cosmical 
matter  is  but  a  finite  quantity.  Time  enough  will  drain 
the  bounds  of  the  solar  system  of  all  its  wandering  parti- 
cles of  planetary  dust.     What  then  will  be  the  fate  of  the 

The  conviction  can  not  be  resisted  that  the  processes 
going  forward  before  our  eyes  aim  directly  at  tlie  final  ex- 
tinction of  the  solar  fire,  Helmboltz  says :  "  The  inexoi-a- 
ble  laws  of  mechanics  show  that  the  store  of  heat  in  the 
Bun  must  be  finally  exhausted."  What  a  conception  over- 
ahadows  and  overpowers  the  mind!  We  are  forced  to 
contemplate  the  slow  waning  of  that  beneficent  orb  whose 
vivid  light  and  cheering  warmth  animate  and  vivify  the 
circuit  of  the  solar  system.  For  ages  past  unbounded 
gifts  have  been  wasted  through  all  the  expanding  fields  of 
space — wasted,  I  say,  since  less  than  half  a  billionth  of  his 
rays  have  fallen  upon  onr  planet.  The  treasury  of  life 
and  motion  fi'om  age  to  age  is  running  lower  and  lower. 
The  great  sun  which,  stricken  with  the  pangs  of  dissolu- 
tion, has  bravely  looked  down  with  steady  and  undimmed 
upon  our  earth  ever  since  oi^anization  first  bloomed 
■upon  it,  is  nevertheless  a  dying  existence.  The  pelting 
rain  of  cosmical  matter  descending  upon  "hia  surface  can 

!y  retard,  for  a  limited  time,  the  encroachments  of  the 
mortal  rigors,  as  friction  may  perpetuate,  for  a  few  brief 
moments,  the  vital  warmth  of  a  dying  man.  The  time  is 
coming  when  the  July  sun  will  shine  with  a  paler  light 
he  now  gives  us  at  the  winter  solstice.  The  nations 
of  men,  if  they  still  exist,  will  have  emigrated  from  the 
temperate  to  the  equatorial  regloift  New  diseases  will 
have  diminished  their  numbers.  Polar. frost  will  have 
:epl  BteallhUy  and j^tp^iiilia  jtBat  Betuing's  Straits  to  bbe 
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Gulf  of  Mexico.  Continental  glaciers  will  again  have 
brooded  over  the  land.  The  prairie  blossom  will  have  per- 
ished beneath  a  mantle  of  snow  as  limitless  as  now  the 
prairie  expanse.  The  fluent  rivers  will  have  been  chained 
to  their  rocky  banks.  The  ruins  of  great  cities  will  be  be- 
moaned by  wintry  winds  howling  past  in  rage  at  the  pres- 
ence of  unending  frost.  If  yet  a  narrow  belt  remains  where 
sickly  verdure  maintains  the  desperate  conflict  with  the 
powers  of  cold,  it  is  a  dwarfed  and  arctic  vegetation.  The 
magnolia  has  given  place  to  the  birch.  The  cypress  has 
been  supplanted  by  the  lichen-covered  fir.  The  emerald 
has  departed  from  the  shivering  leaf,  and  even  the  hardy 
violet  is  pale  unto  death.  All  things  have  assumed  a  faded 
and  leaden  hue.  The  Mongolian  is  not  known  from  the 
Caucasian.  Even  the  sooty  negro,  if  he  be  not  extinct, 
blanched  from  the  want  of  light  and  heat,  can  only  be  rec- 
ognized by  his  features.  Pale,  thin,  and  feeble,  the  shiver- 
ing remnant  of  humanity  have  gathered  themselves  to- 
gether into  compact  communities  for  economy  of  vital 
warmth.  Forests  are  consumed  to  thaw  the  soil.  Tem- 
ples, costly  structures — the  patient  rearing  of  the  golden 
ages  of  the  race — are  pulled  down  to  eke  out  the  scanty 
supply  of  fuel.  Men  return  to  caves,  whence  they  came  in 
the  beginning.  Nature  has  become  their  enemy.  Science 
and  art  are  forgotten.  The  page  which  narrates  the  glory 
of  the  nineteenth  century  is  like  the  narrative  which  tells 
us  of  the  labors  of  the  men  upon  the  plains  of  Shinar. 
Year  by  year  the  populations  become  less — year  by  year 
the  dread  empire  of  frost  is  extended.  Forests  have  been 
consumed ;  cities  have  been  burned ;  navies  have  rotted  in 
the  deserted,  ice-locked  harbors ;  men  have  immured  them- 
selves in  gloomy  cavims  till  they  have  almost  lost  the 
forms  of  humanity. 

The  end  arrives.     Unless  some  sudden  catastrophe  shall 


I 

I 
I 


TBE  SON  COOLIlfG   OPR  413 

ewooji  the  race  from  being  in  a  day,  the  time  will  como 
wliuu  two  mon  will  alone  survive  of  all  the  human  race. 
Two  men  will  look  around  upon  tlie  ruins  of  the  workman- 
Bhip  of  a  mighty  people.  Two  men  will  gaze  upon  the 
tombs  of  the  human  fam.ily.  Two  men  will  stand  petrified 
at  the  aight  of  perhaps  a  hundred  thousand  corpses  pros- 
trated around  them  by  the  dire  hardships  which  every  mo- 
ment threaten  to  carry  them  also  away.  These  two  men 
will  gaze  into  each  other's  faces — wau,  thin,  hungry,  shiv- 
ering, deapairiog.  Speech  will  have  deserted  them.  Si- 
lent, gazing  each  into  eternity — more  dead  than  living — an 
overpowering  emotion — an  inspiring  hope — and  one  of 
them  drops  by  the  feet  of  the  sole  survivor  of  God's  intel- 
ligent race. 

Who  can  say  what  a  tide  of  reflections  will  rush  for  an 
instant  through  the  soul  of  the  last  man?  Who  shall  list- 
en to  his  voice,  if  he  speaks?  On  whose  ear  shall  fall  the 
accents  of  his  sorrow,  his  wonder,  or  his  hope  ?  Thvtce 
honored,  thrice  exalted  man  !  He  stands  there  to  testify 
for  all  mankind.  On  him  has  been  devolved  the  unique 
duty  of  uttering  the  farewell  of  our  race  to  its  ancient  and 
mneh-loved  home.     In  what  words  will  he  say  farewell? 

The  last  man  has  composed  his  body  to  eternal  rest 
The  once  fair  earth  is  a  cold  and  desolate  corse.  Nature's 
tears  are  ice ;  she  weeps  no  more.  The  face  of  the  sun  is 
veiled.  It  is  midnight  in  the  highways  of  the  planets. 
The  spirits  of  heaven  mourn  at  the  funeral  of  Nature. 

Let  not  the  reader  be  dietresHed  at  this  picture.  The 
last  two  men  will  be  neither  our  children  nor  our  children's 
children.  Our  thoughts  have  been  wandering  through  cy- 
cles of  years.  The  clock  of  eternity  ticks  not  seconds,  but 
centuries.  We  shall  not  anxiously  measure  the  eun'a  in- 
tensity from  day  to  day,  nor  from  year  to  year,  lest  we  be 
iblo  to  discover  hia  waning  strength.    The  embt 
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bonfire  will  furnish  warmth  for  the  lifetime  of  an  epheme- 
ron.  A  molten  lava-stream  consumes  a  hundred  years  in 
cooling.  The  great  globe  of  the  earth,  which  is  cooling 
now  at  the  rate  of  a  degree  in  thirty-five  thousand  years, 
was  once  a  sphere  of  molten  granite,  and  has  consumed 
time  enough  to  pass  from  that  state  to  this.  The  sun  is  so 
vast  that,  though  he  began  to  cool  at  a  still  remoter  epoch, 
the  temperature  retained  to-day  is  46,000  times  as  high  as 
that  of  the  surface  of  our  planet.  The  epoch  vthen  his 
rays  will  be  sensibly  weakened  is  at  a  distance  expressed 
by  millions  of  years. 

What  thoughts  rise  upon  us  as  we  utter  these  words ! 
We  hang  here  upon  our  planet,  poised  in  the  midst  of  in- 
finite space  and  infinite  time.  Whence  we  came,  we  know 
not ;  whither  we  are  bound,  hope  and  faith  only  can  re- 
veal. We  open  our  eyes  for  a  moment,  like  an  infant  in 
its  sleep,  and  anon  they  are  closed ;  or,  perchance,  like  the 
waking  somnambulist,  in  his  fall  from  the  house-top  to  the 
pavement,  we  rouse  to  an  instant's  consciousness  of  the 
rush  of  events  and  the  coming  crash — and  the  busy  activ- 
ities of  Nature  move  on  as  if  we  had  not  existed. 

A  few  days  since,  a  friend  of  mine  exhibited  to  me  a  sil- 
ver coin  dug  up  from  the  rubbish  of  the  hoary  East.  It 
was  rude,  irregular,  and  begrimed  with  age.  Upon  one 
side  was  raised  the  image  of  a  Grecian  warrior.  Above 
the  head  I  could  trace,  with  difficulty,  but  with  certainty, 
the  Greek  letters  which  spelled  the  name  of  Alexander. 
Venerable  coin  !  thought  I ;  and  my  imagination  wandered 
back  through  twenty-three  centuries,  till  I  saw  the  Issus 
and  the  Granicus,  and  the  hosts  of  Darius  melting  before 
the  fury  of  the  Macedonian  conqueror.  I  felt  transported 
back  to  antiquity.  But  then  I  remembered  the  Nineveh 
marbles  upon  Avhich  I  had  gazed,  and  the  black  and  skinny 
lummies  that  had  looked  out  at  me  from  their  withered 
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^  eyeballs,  and  imagination  spanned  another  interval  of 
'  ages ;  and  I  stood  upon  the  banks  of  the  Tigris  and  the 
Nile,  and  the  forms  of  Sennacherib,  and  Menes,  and  Moses 
passed  before  me.  As  chance  would  have  it,  I  returned, 
and,  passing  through  a  cabinet  where  the  "medals  of  crea- 
tion" had  been  ranged  in  regular  order,  the  ponderous  mo- 
lars of  an  extinct  mammoth,  dug  from  the  soil  of  Michigan, 
awakened  a  new  thought.  By  its  side  rested  the  skull  of 
Oreodon,  with  its  sheep-like  teeth  in  a  hog-like  head;  and, 
being  in  a  mood  for  revery,  I  thought  of  th^  distant  Mia- 

IBouri  plains  where  Oreodon  had  grazed ;  and  of  the  vast 
lake — thrice  the  size  of  Superior — from  whose  water  he  had 
drank,  and  on  whose  muddy  banks  had  crawled  turtles 
that  could  carry  oxen  on  their  backs.  And  then  I  remem- 
bered that  thought  had  darted  back  over  another  stretch 
of  ages  to  a  time  when  God  had  not  yet  said, "  Let  na  make 
man,"  when  the  wide  continent  was  the  pasture-ground  of 
elephants,  and  mastodons,  and  wild  horses,  and  camels,  and 
sloths,  and  quadrupeds  of  strange  shapes  which  were  blot- 
ted out  of  existence  before  ever  hnman  eye  had  gazed  upon 
them. 
Here,  I  thought,  are  the  relics  of  a  genuine  antiquity.  I 
sauntered  on,  and  the  teeth,  and  vertebrte,  and  dimly-out- 
lined forms  of  Icbthyosaurs,  and  Deinosaurs,  and  flying  liz- 
ards, and  fishes  clad  in  mail — bucklered  and  helmeted  fishes 
—these  in  succession  passed  before  my  eyes.  And  then 
kwinged  thoughts  flew  back  through  those  dim  ages  of  the 
■irorld's  history  which  we  call  Mesozoic.  I  breathed  a  sti- 
ffing  atmosphere;  tepid  vapora  rose  all  around  me;  strange 
r  foliage  fringed  bayous  of  which  I  had  never  heard ;  neither 
f  bird  nor  insect  stirred  the  fervid  atmosphere ;  there  were 
t:no  forests;  the  continents  were  but  just  arising  from  their 
I  sea- couches,  and  no  footprint  had  yet  been  impressed  upon 
^tiieir  slime-covered  heads.     And  then  I  thought  agam  of 
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the  sUver  coin  which  bore  the  image  and  sapeiseriptiaDt  of  Jj 
Alexuider,  and  wondered  why  I  had  called  it  yenerable. 
Why?  fidnoe  twenty  populations  had  possessed  the  earth, 
since  the  relics  of  those  bucklered  fishes  had  been  animate, 
and  this  coin-*-why,  it  had  been  stamped  in  the  last  part 
of  the  lifetime  dTthe  twentieth  population;  «id  there  were 
nineteen  before  it  which  had  become  extinct 

And  so  my  feet  were  lifted  up  from  earth;  I  waa  pil-^  ^ 
lowed  upon  a  bright  cloud,  and  floated  in  etemity^  And  I 
saw  the  \oi%  history  of  the  world  I  had  left  stretoim^ 
backward  from  the  spot  where  I  had  left  it,  till  it  vanished 
from  view,  like  the  track  of  a  railroad  on  the  boundless 
prairie.  With  the  flash  of  a  thought,  I  pursued  it  ovor 
millions  of  ages,  till  I  saw  it  dissolved  in  fire — till  luminous 
vapors  rolled  up  and  rested  upon  the  bosom  of  infinite 
space.  In  this  cloud  of  fire  the  track  of  terrestrial  hii^ry 
lost  itself  and  I  dared  not  plunge  through  the  flame  in 
search  of  a  beginning. 

Then  I  thought,  here  at  length  is  the  dwelling-place  of 
antiquity.  What  is  this  which  men  call  ancient  and  ven- 
erable? Would  that  the  scales  could  be  removed  from 
our  eyes !  Would  that  the  fog  would  lift,  and  men  could 
once  look  out  upon  the  magnitude  of  the  universe — the 
majestic  span  even  of  terrestrial  history — the  might,  the 
greatness,  the  wisdom,  the  glory  of  that  Intelligence  which, 
at  a  glance,  takes  in  all  space,  all  time  past,  and  all  time  to 
cornel 
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CHAPTER  XXXIX 

THE  MACHINERY   OF  THE   UEAVENS   KUfTNING   DOWN, 

~  X  ET  tho  earth  have  frozen ;  let  the  bright  sun  Lave  been 
-*-^  extinguished;  let  the  moon  and  stars  "wander  dark- 
ling in  the  etomal  space."  "Will  this,  then,  bo  the  end  of 
nmtter's  history?  Is  this  tho  conHummation  of  which  phi- 
losophers, and  poets,  and  patriarchs  have  dreamed  and 
prophesied?  From  the  pinnacle  on  which  we  stand  we 
can  discern  the  course  of  Nature  etill  wending  onward. 
There  must  be  progress  even  after  the  funeral  of  the  sun. 
As  that  bright  luminary  shines  on  after  the  fall  of  genera- 
tions of  men — as  he  shines  serenely  and  undisturbed  even 
in  dead  men's  faces,  so  will  gravitation  continue  to  prose- 
cute its  work  even  among  the  corpses  of  planets  and  auna. 
Hark  !  from  the  highways  of  the  comets  come  tidings  of 
friction  in  the  machinery  of  the  heavens.  The  filmy  wan- 
derer encounters  reaistanee  in  bis  long  journey  to  the  con- 
fines of  the  solar  system.  He  plows  his  way  through  a  re- 
sisting medium.  The  balance  of  centripetal  and  centrifu- 
gal forces  is  destroyed ;  the  central  attraction  preponder- 
ates; he  falls  toward  the  sun;  his  orbit  is  diminished;  his 
motion  is  accelerated,  and  he  comes  back  to  his  starting- 
point  earlier  than  tho  time  which  astronomy  had  appointed. 

I  Here  we  get  the  first  disclosure  of  the  existence  of  a  aub- 

Ktile  material  fluid  pervading  space. 

This  remarkable  retardation  was  first  observed  in  the 

luocosBive  returns  of  Encke's  comet.     This  comet  lias  at 

present  a  period  of  about  1210  days,  and  it  returns  each 

cne  two  hours  and  forty-five  minutes  ^80 
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tion  requires.  Since  1789,  its  period  has  shortened  two 
days  and  sixteen  hours.  Similar  retardation — resulting  in 
a  similarly  accelerated  angular  velocity — ^has  been  fully  es- 
tablished in  the  cases  of  the  comets  of 'Brorsen,  Faye,  and 
D' Arrest. 

The  only  explanation  that  has  ever  been  offered  of  these 
exceptional  phenomena  is  the  assumption  of  the  existence 
of  an  all-pervading  resisting  medium  commonly  called 
ether.  Since  the  undulatory  theory  of  light  became  estab- 
lished, the  existence  of  such  a  medium  has  been  recognized 
as  necessary,  and  its  presence  has  been  assumed  throughout 
all  those  realms  of  space  to  which  light  has  penetrated. 

A  belief  in  the  existence  of  an  all-pervading  ether  is 
much  more  ancient  than  the  observations  which  have  made 
it  a  scientific  datum.  In  the  astronomy  of  the  Brahmins, 
the  stars  are  said  to  swim  in  ether,  as  fishes  in  the  water. 
Kepler  supposed  comets  to  be  native  inhabitants  of  this 
ethereal  medium,  like  fishes  in  the  sea.  The  Cartesian  doc- 
trine of  "  vortices"  presupposes  an  all-pervading  material 
fluid.  The  existence  of  such  a  fluid  was  admitted  by  New- 
ton ;  and  he  demonstrates  that  its  tenuity  must  be  greater 
than  that  of  our  atmosphere  at  the  distance  of  two  hundred 
miles  from  the  earth.  In  more  recent  times  this  doctrine 
has  been  maintained  or  admitted  by  Whewell,  Sir  John 
Herschel,  Thompson,  Mayer,  Littrow,  Helmholtz,  Grove, 
Tyndal,  Watson,  McCosh,  Comte,  Rorison,  and,  in  short,  by 
every  physicist  who  has  investigated  the  subject. 

We  are  compelled,  then,  to  assume  the  position  that  a  re- 
sisting fluid  permeates  space,  and  that  the  heavenly  bodies 
do  not  move  in  a  vacuum.  The  consequences  of  this  ad- 
mission are  stupendous  beyond  conception.  Laplace  dem- 
onstrated that  if  the  planetary  bodies  are  solid,  and  if  they 
move  in  vacuo,  their  mutual  perturbations,  in  long  cycles, 
compensate  each  other,  and  the  stability  of  the  solar  sys- 
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tern  is  perfect.  The  contingent  part  of  this  proposition 
possesses  all  tbe  significance.  N^either  are  the  planetary 
bodies  solid,  nor  do  they  move  in  vacuo.  The  effect  of  the 
terrestrial  liqiiids  is  apparent  in  a  considerable  lengthening 
of  the  sidereal  day — which,  for  the  time  being,  is  counter- 
poised by  the  shrinkage  of  the  earth — while  the  effect  of 
the  resisting  medium  has  been  wrought  out  in  the  partial 
arrest  of  the  whole  brood  of  comets. 

The  retardation  of  Encke'a  comet  is  such  that  it  would 
lose  one  half  of  its  present  velocity  in  23,000  yeara.     A 
power  which  can  sensibly  check  the  flight  of  the  filmy  com- 
et can  also  retard,  however  minutely,  the  motion  of  the 
ponderous  planet.     Jupiter,  by  far  the  largest  of  the  plan- 
ets, would  lose  one  thousandth  of  his  velocity  in  seventy 
millions  of  years.    The  length  of  the  period  has  nothing 
whatever  to  do  with  the  result.     If  the  motion  be  inevita- 
bly and  perpetually  toward  precipitation  into  the  sun,  the 
is  as  demonstrable  as  the  fall  of  an  aerolite  to  the 
r  earth.     Not  only  are  the   cloud-like   comets   slowly  ap- 
1  preaching  the  sun  in   spiral  curves,  but  every  revolving 
[■  planet — every  material  particle   in  the   solar   system — is 
I  borne  forward  by  the  same  nnalterable  decree.     It  is  the 
I  presence  of  a  resisting  ether  which  conditions  the  precipi- 
w  tation  of  that  meteoric  rain  which  retards  the  cooling  of 
m.    The  fall  of  comets  and  planets  to  the  sun  will 
t  Btill  farther  delay  the  final  refrigeration  of  that  luminary, 
Lirithout  averting  it. 

The  proof  of  the  existence  of  a  resisting  ether  in  space 
■  lias  disclosed  the  decree  which  records  the  doom  of  the 
1  Bolar  system.  Whewell  says :  "  Since  there  is  such  a  retard- 
I  ing  force  perpetually  acting,  however  slight  it  be,  it  must 
Ejn  the  end  destroy  all  the  celestial  motions.  •  *  *  Tlie 
laoment  auch  a  fluid  is  ascertained  to  exist,  the  eternity  of 
rthe  movements  of  the  planets  becomes  as  impossi/ile  as  a 
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perpetiuil  motion  on  the  earth.^^  Helmholtz  says :  **  A  time 
will  come  when  the  comet  will  strike  the  sun ;  and  a  simi- 
lar end  threatens  all  the  planets,  although  after  a  time  the 
length  of  which  baffles  our  imagination  to  conceive  it." 
Mayer  contemplates  the  precipitation  of  asteroidal  and 
planetary  masses  upon  the  sun.  Comte  says :  "  In  a  future 
too  remote  to  be  assigned,  all  the  bodies  of  our  system 
must  be  united  to  the  solar  mass,  from  which  it  is  probable 
that  they  proceeded"  Rorison,  defending  the  Mosaic  ac- 
count of  creation,  admits,  speaking  of  the  earth :  "  It  was 
once  all  nebula ;  it  will  yet,  if  left  to  physical  agencies,  col- 
lapse into  an  exhausted  and  extinguished  sun."  Watson 
says :  "  If  we  grant  that  the  retardation  of  the  comets 
arises  from  the  existence  of  an  ethereal  fluid,  the  total  ob- 
literation of  the  solar  system  is  to  be  the  final  result." 

This,  then,  is  the  conclusion  of  science.  So  far  as  we 
have  been  able  to  acquaint  ourselves  with  the  laws  which 
regulate  the  movements  of  the  planetary  bodies,  the  dura- 
tion of  the  present  order  of  the  solar  system  is  finite. 
Nothing  but  an  infinite  miracle  can  save  it  from  destruc- 
tion. That  such  a  miracle  will  be  wrought  we  have  no 
warrant  for  assuming.  From  the  very  beginning  of  its 
career,  so  far  as  we  can  judge,  the  history  of  matter  has 
been  wrought  out  in  accordance  with  methods  which  we 
style  the  "  laws  of  Nature."  These  methods  have  never 
been  abandoned,  and  there  is  not  a  particle  of  evidence 
furnished  by  science  that  they  ever  will  be  abandoned  un- 
til they  shall  have  completed  their  work.  Whether  the 
forces  of  matter  be  viewed  as  inherent  powers  or  as  "  im- 
mediate divine  agency,"  the  argument  from  induction,  in 
which  the  doctrine  of  a  final  catastrophe  rests,  is  an  argu- 
ment possessing  strength  beyond  the  power  of  arithmetic 
to  express. 

It  is  true  that  the  final  catastrophe  is  removed  to  the 
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distance  of  millionB  of  millions  of  years.  It  is  true  that 
the  Buii  may  have  cooled  miUiona  of  years  before  the  con- 
gammation  of  the  final  craBh.  It  is  true  that  a  million  of 
years  before  the  cooling  of  the  suu  the  earth  may  have  be- 
come desolate  and  tenantless,  aa  it  was  a  million  of  years 
before  it  received  its  first  inhabitant,  or  as  the  moon  is  to- 
day, poised  in  space  before  oar  very  eyes.  It  is  true  tliat 
thousands  of  years  may  yet  elapse  before  the  ordinary 
powers  of  geology  shall  have  leveled  the  continents,  or 
changed  their  habitable  conditions  to  such  an  extent  that 
man  and  other  organic  beings  will  have  passed  away.  But 
the  magnitude  of  the  numbers  by  which  these  intervals  of 
time  are  symbolized  does  not  embarrass  the  argument.  In- 
finity dwells  not  alone  in  years.  Are  the  recitals  of  Astron- 
omy leas  fancifiil  than  these  ?  Are  the  data  with  which  she 
deals  less  staggering  to  the  human  mind?  We  think  our- 
selves dwelling  in  the  immediato  neighborhood  of  the  sun, 
since,  perchance,  his  light  comes  to  us  in  eight  and  a  half 
minutes.  Yet  his  distance  ia  such  that  a  traveler,  setting 
out  for  the  sun  by  railway  on  the  day  of  his  birth,  and 
travelbig  continually  thirty  miles  an  hour,  would  attain 
the  age  of  fourscore  before  having  spanned  one  fourth  of 
the  vast  interval.  Were  he  and  his  posterity  to  complete 
the  jonmoy,  and  were  generations  to  succeed  each  other 
according  to  the  established  rule,  the  twelfth  generation 
would  appear  before  the  station  should  be  reached.  The 
great  luminary  would  be  pressed  by  the  foot  of  hia  greats 
grandson's  great-grandson's  great-grandson,  and  he  would 
be  upon  the  tottering  verge  of  fourscore.  Had  Christopher 
Columbus  set  sail  for  the  sun  instead  of  a  new  continent, 
and  tr.iveled  continnously  at  thi-ee  times  the  speed  of  a 
steam-ship,  he  would  only  have  reached  his  destination 
this  year.  This  ia  the  distance  which  light  travels  over 
in  eight  and  a  half  minutes.    Tliere  is  no  doubt  admissible 
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in  regard  to  the  distance  of  the  sun  from  the  earth,  or  the 
velocity  of  light,  and  yet  the  nearest  of  the  iixed  stars  is  so 
remote  that  its  light  has  consumed  ten  years  in  passing  to 
our  earth ;  and  there  are  visible  stars  so  distant  that  their 
light  has  occupied  the  lifetime  of  our  race  in  darting  over 
the  measureless  void.  In  each  second  of  that  interval  it 
has  traveled  a  distance  measured  by  seven  times  the  cir- 
cumference of  the  earth.  Nay,  I  may  gaze  through  the 
telescope  on  any  star-lit  night,  and  gather  into  my  eye 
rays  which  set  out  from  a  distant  nebula  ages  before  even 
the  race  was  called  into  being  whose  slowly-developing 
science  has  enabled  me  to  make  these  calculations  and 
gather  up  this  feeble  light. 

These  are  values  which  the  positive  science  of  astronomy 
affords  us.  Nor  are  the  wonders  of  physics  less  overwhelm- 
ing. The  amount  of  heat  sent  off  from  t]|^  sun  in  one  min- 
ute is,  according  to  Mayer,  12,650  millions  of  "cubic  miles 
of  heat."  Now  what  is  a  cubic  mile  of  heat?  In  the  con- 
ventional language  of  the  physicists,  it  is  the  quantity  of 
heat  necessary  to  raise  the  temperature  of  a  cubic  mile  of 
water  one  degree  Centigrade.  Have  we  any  conception  of 
the  amount  of  heat  required  to  do  this  work  ?  In  order  to 
subdivide  the  quantity  till  we  reach  a  limit  which  our  in- 
tellects can  grasp,  let  me  state  that  one  cubic  mile  of  heat 
contains  408  billions  of  units  of  heat ;  and  a  unit  of  heat  is 
the  quantity  of  heat  required  to  raise  one  kilogramme — or 
about  one  quart — of  water  one  Centigrade  degree,  which  is 
one  and  four  fifths  degree  of  our  scale.  In  other  words, 
then,  the  sun  emits  more  than  five  septillions,  or  five  thou- 
sand millions  of  millions  of  units  of  heat  every  minute.  In 
a  year  the  amount  is  522,000  times  as  great;  and  in  the  brief 
duration  of  our  race  it  has  been  more  than  three  thousand 
million  times  seven  septillions  of  units  of  heat.  These,  let 
the  reader  remember,  are  the  data  of  exact  science.     They 
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are  not  the  millions  of  years  in  which  the  geologist  sym- 
bolizea  the  age  of  the  world. 

Nature  thus,  on  every  side,  launches  us  forth  upon  the 
borders  of  infinity.  We  flutter  about  like  insects  on  a 
flower-bed,  and  stand  awed  before  the  "  boundless  prairie," 
I  the  "primeval  forest,"  or  the  "shoreless  ocean."  We  speak 
'  of  planetary  distances  and  stellar  pathways,  but  our  efforts 
to  compass  thoughts  like  these  are  as  the  navigation  of  the 
paper  nautilus  upon  the  heaving  bosom  of  the  broad  Pa- 

And  yet  such  quantities  are  not  imaginary.  Such  intei^ 
yala  as  millions  of  ages  will  he  passed ;  such  intervals  have 
already  passed.  To  the  eye  of  that  all-comprehending  In- 
telligence whose  works  these  are,  whose  plans  these  are, 
millions  are  but  molecules  in  the  constitution  of  a  uni- 
verse ;  the  lifetime  of  a  planet  vanishes  as  a  thought.  To 
a  being  who  is  Infinity,  the  veryunitB  of  meaBiirement  are 
infinity ;  one  stroke  of  the  hand  is  infinite  space,  one  step 
of  progress  is  infinite  time. 

Where,  then,  is  perpetuity  ?  The  untutored  savage  looks 
upon  the  ancient  forest  as  all-enduring.  His  fathers  sat  be- 
neath the  shade  of  the  self-same  tree  as  stretches  its  arms 
above  his  own  squalid  hut.  The  poet  sings  of  the  "eternal 
hills,"  or  fancies  that  in  the  ocean  he  discerns  "the  image 
of  eternity."  The  philosopher  thought  he  had  demonstra- 
ted that  at  least  the  solid  earth  should  endure  forever,  and 
the  coterie  of  planets  should  not  cease  to  waltz  about  their 
Bun.  But  at  length  we  discover  not  only  that  forests  ap- 
pear and  disappear — not  only  that  the  mountains  crumble 
away  from  age  to  age,  and  Old  Ocean  himself  has  limits  set 
to  his  duration— but  even  yonder  burning  sun  is  slowly 
waning,  and  the  very  earth  is  wearily  plodding  through 
the  mire  of  ether,  and  we  can  foresee  the  time  when,  with 
ill  her  energies  wasted,  the  fire  of  her  youth  exlingnished,. 


424  SKETCHES   OF  CREATION, 

licr  blood  curdled  in  her  veins,  her  sister  planets  in  their 
graves  or  hurrying  toward  them,  she  herself  shall  plunge 
again  into  the  bosom  of  her  parent  sun,  whence,  nnnnm- 
bered  ages  since,  she  whirled  forth  with  all  the  gayety  of  a 
youthful  brida 

Such  is  the  position  to  which  science  conducts  ns.  We 
feel  that  we  stand  here  upon  sure  foundations.  We  have 
no  means  of  measuring  accurately  the  length  of  eternity's 
years,  but  wo  know  they  exceed  ours  a  million-fold.  We 
can  clearly  translate  the  watchword  of  the  hosts  of  space. 
^^Not  for  perpetuity*^  is  written  upon  every  lineament  of 
the  solar  system.  We  contemplate  the  matter  of  the  sys- 
tem aggregated  into  a  cold  and  blackened  mass  at  the 
centre.  No  more  sun,  no  more  planet,  no  more  satellite, 
no  more  comet,  or  metorite,  or  zodiacal  luminosity,  but 
winter,  and  the  silence  of  death,  and  the  darkness  of  Na- 
ture's midnight,  penetrated  only  by  starlight,  whose  ma- 
ternal source  may  even  then  have  been  blotted  out — a  sol- 
itary grave  upon  a  distant  plain,  in  the  midst  of  the  howl- 
ing desolation  of  an  arctic  winter. 

But  imagination,  indefatigable,  with  wing  unwearied 
while  yet  there  remains  another  height  to  scale,  pausing 
here  but  an  instant,  throws  her  glances  still  beyond.  Into 
that  remoter  eternity  which  stretches  still  beyond  the  sep- 
ulchre of  the  solar  system  her  vision  penetrates.  Shall  we 
venture  to  delineate  the  vicissitudes  which  she  sees  trans- 
piring in  that  deeper  depth?  They  are  the  figures  of 
things  but  faintly  limned  against  the  curtains  of  infinity, 
But  yet  there  is  no  religion  which  forbids  us  to  reproduce 
that  ethereal  vision.  Let  us  exhaust  the  revelation  of  Na- 
ture, and  seize  upon  knowledge  which  lies  next  door  to  the 
supernatural  world. 

Astronomy  calls  every  star  a  sun,  and  declares  that  our 
solar  orb  is  but  one  in  a  firmament  of  suns.     When  we 


MAOHINBRY  OF  TBE  HBAVBNS  RUSSmG  DOWN.  425 

gaze  at  night  upon  the  stellar  host  we  descry  the  nearest 
members  of  a  cluster  of  Buns,  which,  vast  as  it  is,  has  limits 
which  have  been  surveyed.  Sir  William  Herschel,  with  the 
graduated  powers  of  his  great  telescope,  sounded  the  depths 
of  the  firmament,  and  determined  its  extent  in  every  direc- 
tion. In  the  midst  of  this  circumscribed  cloater  of  bods 
our  solar  Inminary  holds  a  position. 

Beyond  the  confines  of  the  outermost  zone  of  stars  lies 
an  empty  void.  Sir  Wilham  Herschel,  with  the  higher 
powers  of  his  instrument,  looked  through  the  loop-holes 
of  our  firmament,  and  sent  his  vision  across  the  cold  and 
desert  space  which  spreads  out  on  every  side.  The  cheer- 
ing starlight  that  had  accompanied  every  farther  stretch 
across  the  populated  fields  of  our  firmament  now  forsook 
him,  and  he  gazed  only  upon  dread  emptiness  and  blaA- 
ness.  For  a  moment  he  imagined  he  had  caught  a  glimpse 
of  infinity;  but  lo !  across  that  measureless  Toid  appears 
another  firmament !  And  still  other  firmaments,  on  every 
side,  beam  on  ua  with  a  blended  gleam  which  fuses  their 
constituent  auna  into  a  cloud.     These  are  the  nebulsB. 

To  what  order  of  distances  are  they  removed?  Are  theu" 
historiea  identical  with  the  history  of  our  firmament?  la 
infinite  space  occupied  by  an  endleaa  aucceseion  of  siieh 
starry  clusters?  These  are  questions  which  wc  shall  find 
anfiwered  when  thonght  is  permitted  to  penetrate  one  step 
farther,  and  set  foot  within  the  bounds  of  the  supernatural 
world. 

These  systems  of  suns,  with  their  probably  attendant 
planets  and  satellites,  all  exist  under  one  constitution. 
The  spectroscope  has  demonstrated  that  the  light  of  the 
difierent  lieaTcoly  bodies  is  substantially  identical.  It  has 
demonstrated  the  identity  of  the  htminovs  matter  of  sun, 
and  comets,  and  atars,  and  nelsulse.  It  has  declared  the 
existence  of  carbon  in  the  comets,  of  hydrogen,  potassium, 
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magnesium,  and  sundry  other' bodies  in  the  sun,  and  of 
several  of  the  same  in  the  fixed  stars  and  the  nebulsB. 
There  is  little  uncertainty  about  these  determinations. 
Like  an  expert  who  identifies  the  handwriting  of  a  crimi- 
nal when  he  who  penned  it  may  have  fled  a  thousand  miles 
away,  this  little  instrument,  by  an  analysis  of  light  that  has 
wandered  a  thousand  years  away  from  its  source^  declares 
the  nature  of  the  luminous  body  that  sent  it  forth.  One 
sort  of  matter  exists  throughout  all  the  wide  realiu  which 
human  vision  has  traversed. 

One  ether  extends  through  alL  The  conditions  under 
which  light  is  propagated  are  identical  upon  Sinus  and  in 
the  apartment  lighted  by  a  jet  of  gas. 

Gravitation  reigns  over  all.  The  phenomena  discerned 
ii^the  motions  and  phases  of  the  stars  and  the  nebalsB  are 
such  as  attest  the  dominance  there  of  the  same  law  as  holds 
the  earth  in  its  orbit,  or  guides  an  apple  to  the  ground. 

•  The  law  oi  rotation  reigns  over  all.  From  the  revolving 
moon  to  the  vicissitudes  of  the  variable  stars — ^winking 
night  and  day  in  regular  alternation — and  even  to  'the  spi- 
ral nebulae  whose  stupendous  gyrations  have  given  shape 
to  their  flowing  vestments — every  where  the  equilibrium 
of  celestial  bodies,  like  that  of  a  top  or  a  gyroscope,  is 
maintained  by  rotation. 

Our  own  firmament  of  stars,  which  we  are  not  permitted 
to  view  as  we  view  the  nebulae,  from  a  distance,  reveals 
even  to  a  beholder  from  within  the  fact  of  its  rotation,  as 
the  progress  of  a  sloop  upon  a  river  is  revealed  by  the  ap- 
parent motions  of  the  trees  upon  the  banks.  Madler  has 
announced  the  discovery  of  the  astounding  fact  that  the 
entire  firmament  is  describing  a  slow  and  majestic  gyra- 
tion about  a  centre  which,  to  us,  seems  located  in  the  Plei- 
ades. In  this  common  whirl  of  a  million  suns  our  sun  par- 
ticipates, and,  with  his  retinue  of  planets,  moves  forward 
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h  space  at  the  rate  of  one  hundred  and  fi£ty  luillionB 

8  a  year.    And  yet  so  vast  is  the  circuit  upon  which 

s  launched  that  18,200,000  years  will  have  faded  away 

fore  he  shall  have  completed  a  single  revolution. 

f  throughout  aU  these  boundless  intervals  of  space  a  re- 
"sisting  ether  is  present — -if  it  be  a  fact  that  a  material  fluid 
pervades  all  the  wide  realms  ^vhich  light  has  traversed, 
what  la  the  conclusion  which  looms  up  as  a  consequence? 
Are  we  not  compelled  to  teeognize  the  fact  that  every  sun 
m  our  firmament,  as  it  journeys  round  and  round  in  its  cir- 
cuit of  millions  of  years,  is  slowly,  but  surely  as  Encke's 
comet,  approaching  the  centre  of  its  orbit  ?  And  in  that 
most  distant  future,  the  contemplation  of  which  almost  par- 
alyzes our  powers  of  thought,  is  it  not  certain  that  all  these 
suns  must  be  piled  together  in  a  cold  and  lifeless  mass? 

I  forbear  to  say  more.  With  reverence  I  refrain  from 
the  attempt  to  lift  the  veil  wliich  conceals  the  destiny  of 
other  firmaments.  I  dare  not  hazard  the  inquiry  whether 
an  immensity  of  firmaments  may  not  be  executing  their 
grand  gyrations  on  a  still  larger  scale ;  and  whether  these, 
in  turn,  may  not  be  destined  to  a  grander  cosmical  con- 
glomeration. It  is  vain  to  push  our  conjectures  farther. 
We  have  even  here  entered  upon  the  border-land  of  infinite 
space.  In  the  presence  of  Infinity,  what  can  man  do  but 
bow  his  head  and  worship  ? 

Reason  assures  us  that  somewhere  the  tendency  to  cen- 
tral aggregation  must  be  stayed.  A  universe  of  worlds 
can  never  be  gathered  together  in  a  single  mass.  Within 
the  bounds  of  the  viaible  we.  see  all  matter  wending  its 
way  toward  centres  of  gravity.  Within  the  bounds  of  our 
firmament  we  see  all  matter  tending  toward  one  centre. 
Let  us  content  ourselves  to  speak  of  this.  This  shall  be 
our  universe.  This  is  the  universe  whose  final  aggrega- 
tion into  one  mass  we  are  compelled  to  contemplate. 
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Heat  will  again  be  gathered  into  central  masses.     Matter 
will  dissolve  into  liquids — liquids  burst  into  vapor,  and  fill 
again  the  vault  of  space — cohesive  affinities  will  be  sun- 
dered— chemical  unions  will  be  unlocked — electrical  and 
gravitating  forces  will  resume  their  play,  and  once  more 
will  begin  the  long  series  of  activities  which  make  up  the 
lifetime  of  firn^iments,  and  systems,  and  worlds.    The  mat- 
ter of  our  solar  system — or  of  a  system  like  ours — will 
again  be  isolated ;  the  endless  whirl  of  fiery  vapor  will  de- 
tach rings,  in  succession,  which  will  consolidate  into  planets 
and  satellites — another  earth  will  spring  up — another  pe- 
riod of  the  reign  of  fire  will  ensue — and  then  another  reign 
of  water — and  then  another  long  line  of  organic  creations 
will  begin,  and,  in  due  time,  in  some  distant  future  age, 
another  intelligent  race  will  populate  another  earth,  and 
dream,  as  we  now  dream,  of  the  beginning  whence^  and  the 
goal  lohither  the  grand  rush  of  events  is  carrying  them. 
This  is  one  of  the  Cycles  of  Matter. 

In  what  light,  then,  are  we  to  regard  all  the  vicissitudes 
and  activities  of  the  lifetime  of  a  universe  ?  What  are  they 
but  a  brief  agitation  on  the  surface  of  the  infinite  ocean  of 
matter — a  momentary  ripple  raised  by  the  presence  of  the 
Omnipotent  hand — destined  speedily  to  subside,  and  again 
to  be  raised  by  the  breath  of  Omnific  Power  ? 

In  the  presence  of  such  conceptions  as  these,  what  is 
man,  and  what  are  the  works  of  his  hands  ?  What  are 
fleets,  and  forts,  and  cities  with  their  insect  hum  ?  What 
are  temples,  and  pyramids,  and  Chinese  walls  ?  The  agi- 
tation of  particles  of  dust  in  a  distant  corner  of  the  uni- 
verse. The  track  of  an  insect  on  the  ocean's  shore.  The 
breath  of  an  infant  in  the  tornado's  blast. 

But  what  is  the  spirit  of  man,  whose  thoughts  thus  wan- 
der through  eternity  ?  What  is  the  intelligence  of  man 
which  climbs  the  battlements  of  the  palace  of  Omnipotenco 
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— which  seizes  hold  on  infinity — which,  though  chained  in 
flesh„spurns  its  fetters,  and  feels  evermore  that  it  is  the 
offspring  of  God — the  brother  of  angels — the  hell*  of  per- 
petuity— and  will  soon  shake  its  shambles  down  amongst 
the  rubbish  of  decaying  worlds,  and  dwell  superior  to  the 
mutations  of  matter  and  the  revolutions  of  the  ages? 
What,  in  comparison  with  the  crumbling  of  mountains  and 
the.  decay  of  worlds,  is  the  being  possessed  of  such  a  con- 
sciousness and  such  a  destiny  ?  Who  shall  tremble  at  the 
wreck  of  matter,  when,  in  perpetual  youth,  he  shall  outlive 
suns,  and  systems,  and  firmaments,  and  through  the  cease- 
less cycles  of  material  history  shall  see  creation  rise  upon 
creation — the  ever-recurring  mornings  of  eternal  life  ? 
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Note  I.,  page  50. 

The  doctrine  of  the  central  igneona  fluidity  of  the  earth  ia  generally  «^^ 
cepted  by  geologists.  The  hypothesLs  of  intensa  chemieal  action  as  tha 
caniie  of  existing  internal  heat — a  hypothesis  first  enuncifited  hy  Sir  Hum- 
phry Davy* — is,  however,  revived  from  time  to  time  under  BOme  novel 
modiScation,  Dr,  T.  S.  HnnI,  while  adrailtiiLg  the  primordial  incandes- 
cence of  our  planet,  has  maintained,  in  a  series  of  lectures  before  the  Low- 
ell Institnte  of  Boston,  that  the  solid  crust  is  probably  not  less  than  2000 
miles  in  thieknesB,  and  envelops  a  solid  nucleus,  with  a  comparatively  thin 
bait  of  material  between  the  two,  which  has  been  reduced  to  a  soft  and 
pasty  condilion  by  the  combined  action  of  heat,  water,  and  chemical  affij- 
icy.  In  lift  lecture  on  "  Primeval  Chemistry,"  more  recently  delivered 
before  tha  American  Institute  in  New  York,  he  is  reported  as  saying  that 
"  the  earth  must  have  a  cruet  several  hnndred  miles  in  thickness ;"  that 
"granite  is  in  all  cases  a  secondary  rock,  derived  from  sediments  ciyg- 
tallized  through  Che  agency  of  water  and  heat ;"  and  that  "the  theory 
which  ascribes  volcanic  products  to  the  supposed  nncodled  liquid  centre 
entirely  to  account  for  the  great  diversity  in  composition  of  these 
rodacta,  all  of  which,  wherever  found,  are  represented  in  rocks  of  uqne- 

__  " "  "*.  S.  Shaler  has  attempted  to  show,  in  an  ingenious  paper  read  be- 
fore the  Boston  Society  of  Natural  History  ft^oceedings,  vol.  xi.,  p.  8),  that 
the  solidilicalion  of  the  earlli  began  at  the  centre  and  proceeded  toward 
the  periphery — that  finally  solidification  b^an  at  the  periphery  and  pro- 
ceeded toward  the  centre,  leaving,  within  the  era  of  recognisable  geologi- 
ts,  but  an  insignificant  portion  of  the  earth  in  ila  primordial  Quid 
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Professor  James  Hall,  also,  in  his  recent  lecture  before  the  American 
Institute  on  the  "Evolution  of  the  American  Continent, "is  reported  (in 
the  New  York  Tribune)  as  advancing  views  which  indicate  that  he  has  re- 
lapsed into  the  ranks  of  the  most  radical  Neptunists.     "I  desire,"  says 
he,  '*  to  impress  upon  you  this  one  truth,  that  we  have  not,  in  our  geolog- 
ical investigation,  succeeded  in  going  back  one  step  beyond  the  existence 
of  water  and  stratification — one  step  toward-lhis  so-called  primary  nucleus 
of  molten  matter.     So  far  as  we  have  any  knowledge  of  the  materials  in 
the  interior  of  the  globe,  they  appear  to  us  only  as  trap  dikes,  and  these 
occupying  only  a  very  small  area  upon  the  surface.     This  original  nucleus 
that  has  been  talked  about  in  geology  has  produced  no  effect  apon  the 
surface  of  the  earth ;  neither  upon  its  mountain  chains  or  any  other  of 
the  great  features  of  the  continent." 

**  This  idea  of  9.  great  primary  nucleus  is  only  theoretical.  It  has  not 
in  it  any  thing  tangible.  The  earliest  rocks  of  which  we  have  any  knowl- 
edge were  deposited  by  the  ocean,  under  conditions  similar  to  those  which 
now  exist.  The  conditions  of  the  ocean  currents  are  the  same  now  as 
they  have  been  from  the  earliest  time.  From  the  earliest  history  of  the 
American  continent — from  the  earliest  history  of  any  other,  we  know  that 
the  ocean  currents  have  prevailed  as  they  now  prevail,  moving  northward 
and  southward ;  and  here,  at  least,  the  transporting  power  hft  generally 
been  from  the  north  toward  the  south  and  west ;  and  we  have  abundant 
evidence  that  all  the  materials  composing  our  continent  have  been  derived 
in  that  way  from  the  transporting  agency  of  currents  of  water  alone. " 

Professor  Hall  seems  to  have  taken  the  laurels  from  the  brow  of  M. 
Comte  in  his  resignation  to  the  consequences  of  the  Positive  Philosophy. 
There  are  many  positions  in  the  foregoing  quotation  which  are  destined 
to  be  shaken  as  by  an  earthquake  shock  generated  by  those  very  internal 
fires  which  he  so  irreverently  ignores.  Though  this  is  not  the  place  for 
argument,  I  will  not  refrain  from  reminding  the  reader  that  if  our  world 
has  been  cooling  for  many  ag^,  as  science  demonstrates  that  it  is  cooling 
to-day,  there  must  have  been  a  time  when  the^rs^  aqueous  sediments  ac- 
cumulated. What  was  their  origin  ?  I  very  well  understand  that  the  re- 
ply will  be,  that  we  neither  know  that  the  earth- has  been  in  process  of  cool- 
ing from  a  high  antiquity,  nor  have  we  seew,  except  in  isolated  patches, 
the  supposed  foundation-lavas  and  granites  which  constituted  the  primor- 
dial crust.*  When  I  stand  by  the  Michigan  Central  Railway,  and  see  the 
*'Blue  Line"  freight-cars  pass,  bearing  the  inscription  "Great  Central 
Route ;  through  freight  from  New  York  to  the  Mississippi,"  I  should  con- 
sider it  folly  to  deny  that  these  cars  have  proceeded  from  New  York,  and 
base  my  denial  on  the  fact  that  I  had  never  seen  them  at  that  poii^.  It  is 
thus  that  events  rush  past  us,  and  he  who  will  read  the  legends  which  they 
bear  may  learn  somewhat  both  of  the  beginning  and  the  end.  Lack  of 
demonstration  is  not  necessarily  nescience.  It  is  too  much  the  fashion  of 
a  certain  school  to  apply  the  shears  of  nescience  to  scientific  and  philo- 
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BOpliic  ajaleme,  to  crop  and  prime  them  fo  predetermined  shnpee.  Whith- 
er the  known  points  us,  let  us  follow;  and  if  wo  cau  not  diaeern  things 
clearij,  iet  ub  be  content  to  see  ihem  ' '  througli  a  gliisa  darUy. "  It  would 
be  Gtupitlitj  to  ignore  the  existence  of  a  solar  orb  even  in  total  eclipse. 

Tliia  revulsion  in  the  popular  view  has  to  some  extent  been  produced  b; 
the  weiglit  of  well-known  names  recorded  Hgaiust  tlie  doctrine  of  primor- 
dial fiision  and  continued  central  Sitidiiy.  Sir  David  Brewster  denonncea 
"the  nelulaUB  theory"  aa  "utter  nonsense;"  and  Mr.  Evan  Hopkina  haa 
publicly  denied  ilie  acirepted  doctrine  of  a  bIow  increase  of  temperature  in 
penetrating  toward  Che  earth's  centre.  It  is  certain,  however,  that  the 
facts  upon  which  his  denial  reat«  have  been  generated  bj  abnormal  and 
perturhatlng  influences.  Mr.  W.  Hopkina  several  jeara  since  contended 
that  the  solidification  of  the  earth  most  have  begun  at  the  centre,  simol- 
taneonsly  with  the  formation  of  the  superficial  crust.  Sir  Wm.  Thompson 
that  the  rigidity  of  the  earth  is  required  bj  the  phenomena  of 
and  nutation.  Against  these  concloaions,  however,  Delaunj 
Ter;  recently  opposes  the  results  of  experiments  which  show  that  a  body 
a  rotating  glass  globe  promptly  partakes  of  the  rota- 
of  the  globe,  and  becomes  physically  a  part  of  it.  The  author  re- 
mains decidedly  of  the  opinion  that  the  balance  of  evidence  stiatains  the 
doctrine  of  central  flnidity.  The  reader  who  desires  to  examine  &rther 
the  ohjectione  urged  agaiast  Ehis  doctrino  may  conanlt  Hopkins  (Wm.), 
in  Phil.  Trans,  of  the  Hoyal  Society,  1836,  p.  382 ;  also  1839-4(M2 ;  aUo 
Quar.  Jour.  Ge^log.  Soc,  Lond.,  vol.  viii.,  p.  5ti ;  Thompson  (W.),  on  the 
Rigidity  of  the  Earth,  in  Proceedings  Hoy.  Soc.,  vol.  xii.,  p.  103  ;  Tfn- 
dall,  in  Fnrttiightly  Review.  On  the  subject  of  moon  tain-formation,  see 
Hall  (James),  Paleontology  of  New  York,  vol.  iv, ,  Introduction  ;  Dana 
CJ.  D.),  Address  before  the  Amer.  Assoc,  for  the  Advancement  of  Science, 
Providence,  18u7. 


Note  II.,pngo  71. 
As  the  recent  discovery  of  traces  of  animal  lil 
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the  series  of  strata  than  had  heretofore  been  known  is 
extraordinary  importance  in  the  projjresB  of  our  knowledge  of  the  world's 
preadamic  history — insomuch  that  Sir  Charles  Lyell  characterises  it  as  the 
greatest  geological  discovery  of  big  time — 1  introduce  here  a  somewhat 
cQompIete  series  of  references  to  the  papers  which  have  been  pubUshed  on 
ithe  subject : 

1858,  May.  Hunt  (Dr.  T.  S.),  Remarks  on  the  presence  of  iron  ores  afld 
gmphito  in  Lanrentian  strata  as  aiFording  evidence  of  the  "exist- 
ence of  organic  life  even  dnring  the  Lanrentian  or  Azoic  period." 
Amer.  Jour.  Sci.  and  Arts  [2],  xxv.,  4SG. 
1BG8,  Oct.  Logan  (Sir  W.  E.)  received  the  first  specimens  of  simpeoied 
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foBsiUenms  rock  from  the  Grand  Calimiet  on  lihe  BItct  Ottswa^'col- 
lected  by  lifr.  J.  McMollen.  i1giiredin"G€loLofOanada,"p.  49, 
and  in  nomoroos  {daces  since. 

1859,  Jan.  Hunt  (Dr.  T.  8.),  Reiterates  his  conyictions  as  to  the  *'  exist- 
ence of  an  abundant' vegetation  daring  the  Lanren^an  period." 
Qoar.  Jonr.  GeoL  Soc,  Lond.  Beviewed  Amer.  Jonr.  [2J,  xxxi., 
184. 

1859,  Aug.  Logan  (^  W.  K),  Exhibits  specimens  before  Amer.  Assoc. 
Adv.  Sci.  at  Springfield. 

1859.  Logan(l^rW.£.),  Pablishes  notice  of  the  aboTe.  Canadian  Nat- 
uralist, iv.,  800. 

1861,  May.  Hunt  (Dr.  T,  S.),  Sets  forth  more  fully  his  views  on  probable 

Laarentian  life.     Amer.  Jour.  Sci.  [2],  jcxxi.,  896. 

1862.  Logan  (Sir  W.  E.),  Exhibits  specimens  in  Great  Britain  which  «rB 
held  by  Bamsay  to  be  organic. 

1862,  Dec.  Dana  (Prof.  J.  D.),  Suggests  indications  of  organic  life  in 

Azoic  rocks.    Manual  <k  Geology,  p.  145. 
1868.  Logan  (Sir  W.  £.),  Describes  and  figures  specimens  from  Grand 

Calumet.    Geology  of  Canada,  p.  49. 
1864,  Mar.  Logan  (Sir  W.  E.),  Preiiminury  notice  of  additional  specimens 

discovered  by  James  Lowe  in  Grenville.    Amer.  Jour.  [2],  xxxvlL , 

272.  • 

1864,  May.  Hunt  (Dr.  T.  S.),  Preliminary  notice  of  some  specimens. 

Amer.  Jour.,  xxxvii.,  431. 

1864,  Nov.  Sanford  (Mr.),  Announces  Eozoon  in  Connemara  marble  of 

the  Binabola  Mountains,  Ireland.     Geological  Magazine.     Rean- 
nounced  in  **  Reader,"  Feb.  25,  1865. 

1865,  Feb.  The  Quar.  Jour.  Geol.  Soc,  Lond.,  contains  the  following  pa- 

pers : 

Logan  (Sir  W.  E.),  "On  the  occurrence  of  Organic  Remains  in 

the  Laurentian  Rocks  of  Canada. " 
Dawson  (Dr.  J.  W.),  "On  certain  Organic  Remains  in  the  Lau- 
rentian Limestones  of  Canada. "    A  microscopical  investigation 
and  determination  of  zoological  relations. 
Carpenter  (Dr.  W.  B.),  "  Notes  on  the  Structure  and  Affinities  of 

Eozoon  Canadense."    Farther  microscopical  descriptions. 
Hunt  (Dr.  T.  S.),  **  On  the  Mineralogy  oi Eozoon  Canadense." 
The  foregoing  papers  were  republished  in  the  Canadian  Naturalist  [2], 
ii.,  92,  April,  1865;  also  in  a  pamphlet  entitled  "  On  the  History  of  Eo- 
zoon Canadense,"  April,  1865 ;  also,  with  remarks  by  the  editors,  in  Am. 
Jour.  Sci.  and  Arts  [2],  xl.,  344,  Nov.,  1865. 
1865,  April.  Jones  (Prof.  T.  R.),  Discusses  the  geological  and  zoological 

relations  of  Eozoon.     Popular  Science  Review. 
1865,  May.  Carpenter  (Dr.  W.  B.),  Further  discusses  Eozoon.     Intellect- 
ual Observer  (two  plates). 
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I.Jane  10.  King  nnd  Eownoy  (Profe.),  Question  the  organic  nature 
of  Eoiobn,  while  Dr.  Carpemer  austaina  it,  Eupported  by  the  au- 
thority of  Milne-Edwards. 

>,  Feb.  10.  Carpenter  (Dr.  W.  B.),  Announces  Eoioiin  from  AnBtralia 
and  Bavaria,  and  controverts  the  position  of  Pro&.  King  and  Eow- 
ney.     Noticad  in  Amer.  Jonr.  Sci.  [2],  xli.,  40G. 

>,  Aug.  KingandHowney(Profa.),"On  the  BO-called  Eozoiinal  rock, " 
denying  its  organic  character.  Qoar,  Jour.  GeoL  tioc.,  Lond.,  xxii. , 
p[.  ii.,  23.  Their  position  is  controverted  in  the  BBiiie  No.  Their 
"Sirainittry"is  reproduced  Amer.  Jour.  Sci.  [2],  xlir.,  376. 

J.  Giimbel  (Dr.),  "Occurrence  of  EauoBn  in  East  Bavarian  primitive 
rocks."    yitzQngsbcricIite d. K.Acad. d. W. in Miincben,i.,  1.    Ke- 
produced  Qnar.  Jour.  Geol.  Soc,  Loud.,  xxii.,  pt.  i.,  p.  ISA.    No- 
ticed Amer.  Jour.  Hci.  [2],  xliii.,  398.     ConSrmed  by  Carpenter, 
Proo.  Hoy.  Soc.,  No.  sciii.,  p.  508. 
lS6T,May.  Dawsoa  and X^gan.   Describe  new  specimens  of £bf0jin from 
Tndor,  C.  W.     Qnar.  Jour.  Geol.  Soc. 
I   1867.  Carpenter  (Dr.  W.B.),HeaEBertfl  organic  nature  of  jEoJofln  in  op- 
position to  King  andRowney.    Proc.Hoyal  Soc.,  No.  xciii.,  p.  503. 
\  1867.  Pnsirevslci  (Prof.),  Reports  £o2oBti  Vanadtiae  ut  Hopinwara,  Pin- 
land.     Bull.  Acad.  St.  Petersburg,  X.,  151.     Noticed  Amer.  Jonr, 
Sci.  [3],  xliv.,284. 

r,  Nov,  DawBon  (J.  W.),  Notes  on  EoioSv  from  Tudor,  C.  W.,  from 
Long  Idke  and  Weniworth,  and  from  Madnc,  with  remarks  by  Dr. 

W.  B.  Carpenter.     Amer,  Jour.  Sci.  [3],  xliv.,  3r        ~      

Amor.  Jour.  Sci.  [2],  xlvi.,24,'i  (Pept. ,  1 868). 


Note  III.,  page  7G. 

As  the  reader  may  frequently  de-fire  \a  refresh  his  memory  in  reference 

I  to  the  order  of  superposition  of  the  great  groups  of  strata,  the  following 

I   taljle  is  appended  tor  reference.     The  gi^Hpa  follow  each  other  in  the 

natural  order  of  superposition. 

CLASSIFICATION  OF  THE  STRATIFIED  ROCKS  OF  KORTH  AMERICA. 


^ 

n 

1 

o™.p.. 

.„,^. 

^jri^"" 

^ 

^1 

Cbunplata. 

The  eiiatlng  aarlkca. 
Lake  end  Bver  ler- 

Deep-eeated  gravel  aud 

Cavo  Bear,  Hafry  Blaphant,  etc 

Primeval  Man. 
Cave  Boar  and  .-odntee. 

1 

Bnmter. 

Dnkntab. 

Sc.utl.BniAU.^dMlM 
S™thtra  All 

EitJDCt  mamniiils. 
Great  inareoEe  d(  maminili. 

Ortiltnldes;  Crocodltea. 

ZBBgloaou  (whole-like). 

Shark>i  Sea-urchlni:  Sbellt. 
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CLASSIFICATION  OF  THE  STRATIFIED  ROCKS  OF  NORTH   AMER- 
ICA,—{Continued). 
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Groups. 


Later  Creta. 
Earlier  Creta. 


Wealden. 

Oolite. 

Lias. 


Trias. 


Permian. 

Coal  Measures. 
Conglomerate. 

False  Coal  Meas. 
Mountain  Lime- 
stone. 
MarshalL 


Chemung. 
Hamilton. 

Corniferous. 

Oriskany. 


Lower  Helder- 

berg. 

Salina. 

Niagara. 

Cincinnati. 

Trenton. 

Chazy. 

Levis. 

Calciferous. 

Potsdam. 

St.  John's. 


[Not  yet  subdi- 
vided.] 


Labrador. 

Lower  Lau- 
ren tian. 


Localities. 


Kansas;  Nebraska. 

Montgomery,  Selma, 

etc.,  Ala. 


[Not  known  in  Amer- 
ica.] 

Jurassic  strata,  mostlv 
west  of  Mississippi, 
extending  into  Cali- 
fornia. 


Kansas?  Conn.? 


Kansas ;  N.  C. 

Mid.  and  West.  States. 
Every  where  beneath 

Coal  Measures. 
Kv. ;  Tenn. ;  W. Va. ;  O. 
West.  States;  St  Louis. 


Cleveland ;  Burlington, 
Iowa;  Michigan. 


Southern  New  York. 
Buffalo,  N.  Y. ;  Iowa 

City. 
Columbus,  O. ;  Mon- 
roe, Mich. 
Cumberland,  Md. ;  Pa. ; 
N.Y. 


Helderberg  Mts.,  N.Y. ; 

Me. ;  Mo. ;  O. ;  Mich. 

Syracuse,  N.Y. ;  Galt,C. 

W. ;  Mackinac,  Mich. 

Niag.  Falls ;   Chicago ; 

Drummond's  Isl. 
Cincinnati,  O.  ;    Nash- 
ville, Tenn. 
N.  Y. ;  Can. ;  Mich. ; 

Tenn. 
E.  side  Kewenaw  Pt. ; 

Can. ;  N.  Y. 
Quebec,  Can. ;  Phillips- 
burg,  N.  Y. 
W.  side  Kewenaw  Pt. ; 

N.  Y.  ;  Canada. 
Potsdam,  N.Y. ;  St.  Pe- 
ter's R,,  Minn, 
St.  John's,  N.  F. ;  Geor- 
gia, Vt. 


N.  shore  of  L.  Huron ; 
Iron  region  of  L.  Supe- 


rior; 


Some  of  the  E.  swells  of 
the  Appalachian  chain 


Adirondack  Mts. ; 

N.  shore  L.  Superior ; 

vast  region  north  of  St. 

Lawrence  R.,  Canada. 


Some  leodlnff  Types 
of  Foasus. 


Ammonites;  Sharks;  Lizards. 
Angiospermous  plants. 


Iguanodon  and  other  Lizards. 

Pterosaurs;  Gar-pikes; 

Ichthyosaors ;  Plesiosanrs. 


Saurians  and  Labyrintho- 
donts. 


Coal  plants  and  marine  ani- 
mals. 
Land  plants ;  marine  animals. 
Stems  of  drift-wood. 

Land  plants. 
Crinoids;  Corals;  Chambered 

Shells. 

Chambered  Shells;  Brachio- 

pods;  Fishes. 


Brachiopods. 

Brachiopods ;  Tribolites ; 

Fishes. 

Corals ;  Brachiopods  ;  First 

Fishes. 

Brachiopods. 


Crinoids;  Brachiopods. 

Crustaceans. 

Corals  (Chain  Coral,  etc.). 

Brachiopods;  Corals  (many 

small). 

Orthoceratites ;  Gasteropods ; 

Crinoids. 

Orthoceratites ;  Trilobites. 

Trilobites ;  Graptolites. 

Trilobites;  Gasteropods;  Cor- 
als. 
Trilobites ;  Brachiopods ; 
Sponges. 
Trilobites ;   Orthis  ;  Lingula ; 
Cystids. 


Perhaps  the  Cambrian  fossils 
of  Europe  are  of  this  age. 


Only  fossil  known  is  Eozoon. 
The  American  species  isr 
Eozo<>n  Canadense.  Plants 
probably  existed. 
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Note  IV.,  page  133. 

The  term  Colskai  gronp  is  emplojed  in  chie  connection  in  a  eenae  great- 
ly resliicled  from  that  in  which  the  Xew  York  geologists  originaUj  em- 
ployed it,  since  it  haa  been  sbown  that  the  principiil  portion  of  the  ao-call' 
ed  Catskill  strata  of  the  Calskill  Mountains  is  really  a  prolongation  of  the 
Ctiemung  rocks  of  the  aontbem  interior  of  the  state ;  and  for  this  reason, 
the  original  Beiiso  of  the  term  is  no  longer  admissible.  The  term  thus 
stands  as  the  designation  of  a  series  of  strata  which  does  not  fiirm  a  nat- 
urall;  restricted  assemblage,  and  must  drop  out  of  use. 

In  parallelizing  the  "  Catsldll"  (thus  restricted)  and  the  "  Marshall"  with 
the  lower  part  of  the  Mountain  Limestone  of  Europe,  and  at  the  same  time 
BnggealiDg  their  synchronism  with  the  "Old  Bed  Sandatane,"  I  employ  tlie 
latter  term  in  its  restricted  and  original  sense,  not  as  comprehending  lie 
whole  recognized  Devonian  of  the  Old  World.  It  is  farther  not  unlikely 
that  the  parallelism  ought  to  be  restricted  to  the  "Yellow,"  "White," 
and  "  Red"  aandatones  and  conglomerates  (Mapvood  and  Petherwin  beds) 
□f  the  Old  Red  series,  which,  according  to  admissions  made  from  time  to 
time  by  Murchison  and  others,  exhibit  almost  decisive  affinities  with  the 
Carboniferons  age.     See  Quar.  Jonr.  GeoL  Soc,  London,  vol.  is,,  p.  23. 


Note  V.,  page  130. 

Allasion  is  here  made  to  one  of  the  mines  nt  Lnsalle,  lUinoia.  This  by 
no  means  exempliiies  the  greatest  depth  to  which  mining  operations  have 
been  carried.  The  mine  at  Dnckenf«ld,  iii  Cheshire,  England,  Is  probably 
the  deepest  coal  mine  in  the  world.  A  simple  shaft  was  sunk  2004  feet 
to  the  bed  of  coal,  and  by  means  of  an  engine  plane  in  the  coal-bed,  a  far- 
ther depth  of  500  teet  has  been  attained,  making  2504  feet  to  the  bottom 
of  the  excavation.  At  Pendleton,  near  Manchester,  coal  is  worked  daily 
ftom  a  depth  of  2135  feet;  and  iheCatinel  coal  of  Wigan  is  brought  ftam 
17T3  feet  below  the  surface.  Many  of  Che  Durham  collieries  are  eqnally 
deep,  and  far  more  extensive  in  their  subterranean  labyrinths. 

The  engine  shaft  of  the  Great  Cp^nsolidated  copper  mines  in  Comwtdl 
reaches  the  depth  of  1 650  feet,  and  the  length  of  the  various  shafts,  adits, 
and  galleries  exceeds  63  miles.  Dalcoath  tin  mine,  in  Cornwall,  is  now 
working  at  more  than  IHOO  feet  from  the  surface.  The  famous  ^rer 
mine  of  Vatenciana,  Mctuco,  is  16G0  feet  deep.  The  Hobenbirger  mines 
in  the  Saxon  Erxegebirge,  near  Freiburg,  ore  1327  feet  deep,  and  the 
Thurmhofer  1944  feet  deep.  The  deptii  of  the  celebrated  mine  of  Joo- 
chimethol,  in  Bohemia,  is  2120  feet.  TheTresavean  copper  mine  in  Corn- 
wall is  2130  feet.  The  workings  of  the  Samson  mine  at  Andreosberg,  in 
the  Harz,  have  been  prosecuted  to  the  depth  nf21U7fteI.  Atliorerbiihel.in 
Bohemia,  there  were  in  the  16th  centnry  excavations  to  the  depth  of  310T 
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feet,  made  before  the  invention  of  gunpowder.  The  greatest  depth  to  which 
human  labor  and  ingenuity  have  as  yet  been  able  to  penetrate  is  3778  feet, 
in  the  old  Kuttenberger  mine  in  Bohemia,  now  abandoned.  This  depth, 
as  remarked  by  Humboldt,  is  about  eight  times  the  height  of  the  pyi^amid 
of  Cheops  or  the  Cathedral  of  Strasburg. 

The  deepest  excavation  in  the  United  States  is  probably  that  of  the 
Minnesota  mine  near  Ontonagon,  Lake  Superior,  which  descends  upon  a 
copper-bearing  lode  to  the  depth  of  over  1300  feet.  The  Quincy  mine  at 
Hancock  is  000  feet  deep.  The  deepest  mine  in  Califomia  is  said  to  be 
the  Hayward  Quartz  mine  in  Amador  county,  1200  feet  deep.  The  d^p- 
est  excavations  on  the  Comstock  lode,  Nevada,  are  700  feet. 

Mining  excavations  frequently  extend  from  half  a  mile  to  a  mile  under 
the  sea.  In  these  gloomy  subterranean  and  submarine  passages,  where, 
in  some  cases,  one  or  two  hundred  feet  of  sea- water  rest  upon  a  slaty  roof 
but  three  or  four  feet  thick,  the  low  moan  of  the  waves  can  be  continually 
heard  above  the  miner's  head,  and  in  time  of  stonns  the  howl  becomes  ter- 
rific and  intolerable.  The  great  adit  for  the  discharge  of  the  waters  of 
the  Gwennap  tin  mines  in  Cornwall  exceeds  30  miles.  In  1864,  a  tun- 
nel 1 4  miles  in  length  was  completed  in  the  region  of  the  Harz  mines, 
Brunswick,  for  the  drainage  of  the  district.  A  similar  tunnel,  15  miles  in 
length,  designed  for  the  drainage  of  the  F/eiberg  district,  has  been  in  prog- 
ress for  several  years.  The  Sutro  tunnel,  designed  for  the  drainage  of 
the  mines  located  upon  the  Comstock  lode,  Nevada,  is  to  be  19,000  feet  in 
length,  12  feet  wide,  and  10  feet  high,  and  will  cost  between  four  and  five 
millions  of  dollars. 

Th^  great  **  tunnel"  at  Chicago,  through  which  the  city  is  supplied  with 
pure  water  from  Lake  Michigan,  is  10,567  feet  long,  five  feet  wide,  and 
five  feet  two  inches  high,  and  at  the  shore  extremity  communicates  with 
a  vertical  shaft  82  feet  below  the  lake-level,  and  at  the  other  extremity 
with  a  crib  and  shaft  60  feet  below  the  lake-level. 


Note  VI.,  page  185. 

As  the  ArchcBoptert/x,  or  bird-reptile,  is  one  of  the  most  remarkable  rel- 
ics of  the  ancient  world,  and  has  but  recently  been  brought  to  light,  I  ap- 
pend some  references  to  sources  of  information  upon  the  subject :  Prof. 
Wagner  first  announced  the  discovery  to  the  Royal  Academy  of  Sciences 
of  Munich  in  1861;  H.  Herrman  von  Meyer  described  it  in  "  Jahrbuch 
fiir  Mineralogie,"  1861,  p.  561 ;  Wm.  H.  Woodward,  in  "  Intellectual  Ob- 
server," Dec.  1 862  (with  plate) ;  Prof.  J.  D.  Dana,  in  "  Amer.  Jour,  of  Sci- 
ence and  Arts,"  2d  ser.,  xxxv..  May,  1863,  p.  129,  and  "Manual  of  Geolo- 

"  Appendix  to  later  editions ;  Prof.  R.  Owen,  in  *'  Philosophical  Tran- 

tions,"  cliii.,  part  i.,  1863,  p.  33,  pi.  1  to  4. 
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Note  VII.,  p.  228. 
I  hare  given  in  the  text  the  usual  explanation  of  the 
die  ((iBtial  epoch.  The  theorr  of  aorthera  elevBtioo,  honefer,  as  the  sole 
or  principal  cnnse  of  contitiental  glaciers,  has  never  been  regarded,  bj 
many  geologiats,  aa  completely  eatistactory.  Within  a  few  jeara  reneived 
attempts  have  been  made  to  connect  tbeee  phenomena  witb  astronomical 
changes  of  a  secular  character. 

At  gnndr}>  epochs  in  ihe  history  of  tbe  world,  agencies  seem  to  have 
arisen  which  brought  into  existence  and  transported  over  considerable  dis> 
lances  vast  qiuntities  of  rounded  pebbles  and  finer  detrilal  materials.  In 
some  coses — as  in  the  Niagara,  Permian,  anil  Upper  Miocene  periods — 
smoothed  and  slriated  rock-siu'ikceE  have  been  discovered,  similoj'  to  those 
which  are  generaUj-  attributed  to  glacier  action.  In  the  intervening  pe- 
riods evidences  of  tropical  temperature  present  themselves.  The  suggea- 
has  therefore  been  made  that  more  than  oute  in  the  history  of  the 
♦orld — perhaps  at  somewhat  regular  intervals  widely  removed — the  north- 
portions  of  the  cottiinents  have  been  viiiteil  by  a  reign  of  frost, 
'o  account  ibr  these  apparently  secular  phenomena,  new  InvestigationB 
IiBve  been  made  upon  the  effects  of  the  secular  variations  in  the  longitude 
of  the  equinox,  the  eccentricity  of  llie  enrtii's  orbit,  and  the  obliqui^f  of 
the  ecliptic.  This  is  not  the  place  to  enter  into  an  exposition  of  the 
discussions  which  have  arisen.  I  may,  however,  simply  explain  the  na- 
ture of  the  relation  which  Bubaists  between  terrestrial  climates  and  the 
Gosmical  changes  alluded  to. 

the  variation  in  the  eccentricity  of  the  eaith'a  orbit,  it  is  evi- 
dent that  when  the  northern  hemispliere  has  its  winter  in  perihelion  dur- 
ing the  time  of  greatest  eccentricity,  the  amount  of  glaciation  must  be 
Eonsiderably  less  than  when  the  same  hemisphere  has  its  winter  in  aphe- 
lion during  the  time  of  greatest  eccentricity. 

2.  As  to  the  variation  in  the  obliquity  of  the  earth's  axis,  it  appears 
that  when  the  obliquity  is  greatest,  the  winter  temperature  of  the  pohir 
regions  can  not  bo  much  severer  than  when  the  obliquity  is  least — since 
when  ihe  snn  is  below  the  horizon  it  is  immaterial  whether  it  be  two  de- 
grees or  ten  below — while  the  summer  temperature  of  the  polar  r^igia 
will  be  increased  by  tbe  whole  increase  in  the  veriicality  of  the  sun's  rays.  - 
The  effect,  therefore,  of  an  increase  in  the  obliquity  of  the  earth's  axis 
will  be  to  diminish  the  average  glaciation  of  the  polar  regions. 

3.  Suppose  now  the  minimum  glaciation  of  the  polar  regions,  so  fkr  Bs 
le  t*  obliquity,  to  occur  at  the  time  when  the  northam  hi 

[wriences  minimum  rigors  of  climate  through  the  effect  of  increased  ec- 

;  the  conjunction  of  these  two  minima  of  cold  in  the  north  polar 

would,  it  is  thought,  remove  the  ice  cap,  and  effect  conditions  of 

such  OS  prevailed  when  (ireenland,  in  the  Miocene  period,  s 

treeg  of  tro^Bri  nrtBra.«n4  luxuriance. 
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4.  ThftHj  condmons  all  reversed  would  produce  a  maximum  of  rfacia 
tion  in  the  north  temperate  and  polar  regions  such  as  evidentlv\l7c!^" 
at  the  beginning  of  the  Post  Tertiary  period.  eviaently  existed 

It  \A  probably  nithiu  the  power  of  physical  astronomy  to  calculaf«  t>,« 
epoc-hs  at  which  these  maxima  and  minima  have  occurred      It  *     h 
ever,  a  problem  of  considerable  difficulty,  involving,  as  it  does  the  m^Tf 
precession  of  the  equinoxes,  the  proper  motion  of  the  apsides,  knd  thel^ 
uUr  change  m  the  obhqmty  of  the  ecliptic,  none  of  which  data  are  n^" 
fectly  constant.     According  to  recent  determinations,  the  equinox  com 
pletes  a  revolution  in  25,868  years.     The  apsides  move  forward  to  m    f 
the  equinox,  so  that  perihelion  has  the  same  longitude  once  in  21  O^fi 
years.    The  obliquity  of  the  ecliptic  returns  to  the  same  value  in  about 
100,<)0()  years. 

M.  Adh^ar  has  based  an  explanation  of  the  occuiTence  of  glacial 
nods  upon  the  climatic  effects  of  the  precession  of  the  equinoxes  aloST 
As  the  earths  axis  is4nclined  to  the  ecliptic,  the  hemisphere  which  has- 
its  ¥.-inter  in  aphelion  is  not  only  fiuther  from  the  sun  than  the  other  hen* 
isphere  during  its  winter,  but  also  experiences  a  winter  having  about  eight 
days  longer  duration.    The  excess  m  the  duration  of  its  winter  is  partly 
caused  by  the  slower  motion  of  the  earth  on  that  side  of  the  equinox^ 
which  embraces  the  upper  apsis,  and  partly  also  by  the  greater  length  of 
the  path  on  that  side.    This  hemisphere  is  therefore  subjected  to  an  ex- 
cess of  cold.    For  reverse  reasons,  the  other  hemisphere  enjoys  more  than 
the  mean  warmth. 

In  ct>nse(i!ience,  however,  of  the  gyration  of  the  axis  in  a  period  which 
Adhemar  takes  at  21,000  years,  it  follows  that  at  the  end  of  10,500  years 
the  htMnisphere  which  had  been  turned  away  from  the  sun  at  aphelion  be- 
tvmes  turned  toward  him.  In  other  words,  the  climatic  inequalities  of 
*Ka  tvL-ci  lipmisnheres  become  reversed.    That  hpmwnfiar>a  -.mrT^j^u  r -r^ 


ivmes  turnea  lowaru  uim.  xu  uiuoi  wurus,  me  cumatic  inequalities  of 
the  two  hemispheres  become  reversed.  That  hemisphere  which  for  10  500 
years  had  been  subjected  to  excessive  glaciation,  now  enjoys  excessive 
i^-amith,  and  that  which  had  enjoyed  excessive  warmth  is  visited  by  ex- 
cessive cold.  There  are,  therefore,  two  great  seasons  for  each  hemisphere 
during  the  progress  of  the  Annus  Magnus,  or  Great  Year.  The  summer 
has  a  duration  of  10,500  years,  and  the  winter  an  equal  duration. 

One  thing  farther  should  be  remarked  in  connection  with  the  accumu- 
laflon  of  masses  of  ice  and  snow  about  either  pole,  from  whatever  cause 
the  accumulation  proceeds.     Such  an   accumulation  must  necessarily 
ohnnj^*  the  position  of  the  centre  of  gravity  of  the  earth-mass.     That 
t>er>ti«  i«"st  move  toward  the  pole  thus  burdened.     The  fluent  waters 
upon  th<?  wirth's  surface,  free  to  adjust  them'selves  in  equilibrium  about 
the  i^eWi^  <^  gravity,  must  change  their  distribution  as  the  place  of  the 
^  ^  g^i^x  ity  changes.     During  the  glaciation  of  the  southern  hemi- 
*^'th^  ^-fttw*  x^iU  accumulate  about  the  south  pole;  and  during  the 
t(6n  <*f  tW  noithern  hemisphere,  they  must  accumulate  about  the  J 

^fcble.     Vh^J^ ''It^emating  accumulations  of  the  waters  are  p  || 
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it  has  been  caleulateU,  lo  account  for  tlielnsl  aubmergenee  of  the  northern 
hemisphere  during  the  Chnmplain  Epi)th.  Tlie  submergence  otlhoBouth- 
eni  polur  lands  is  now  in  progress. 

tibould  the  connection  of"  the  glacial  p<3riod"~and  of  other  glacial  po- 
riod^  more  ancient — with  cosmical  conditions,  be  satls&clorilf  established, 
it  seems  to  me  that  we  are  bere  fmnished  with  a  bopeful  means  of  ^ving 
greater  precisian  to  the  calculus  of  goolo^cBl  time. 

For  detailed  infunnation  on  these  qneetions,  see  Croll,  Fhilosopbical 
Magallne  for  August,  I8li4, and  February,  1S67;  Transactions  Geol.Soc., 
Glasgow,  April,  1867 ;  Kevue  des  deux  Mondes,  1847,  etu. 


Note  Vin.,  page  287. 
Aa  tbc  records  of  the  flowing  wells  of  oil  springs  ci 
most  remarkable  chapierB  of  the  hjatory  of  Petroleoro,  I  append  here  a 
list  of  them,  made  frum  personal  examiDatiuii  aod  research.     In  this  list, 
"Sub."  stands  for  subdivision,  "K. "  for  range,  "1.."  for  lot,  and  "Con." 
for  coQCBSsion. 
Former  Floviing  Wells  at  Oil  Springs,  toainahip  of  EnniskiUen,  Oniorio. 

8  Finn  &  Brown— S.E.  part  L.  17,  Con.  1 Trifling, 

Itti  SoliB— Sub.  16,  B.  A.,  L.  18,  Coo.  2 600 

108  I'urdy— W.  4  L,  19,  Con.  2 1000 

116  Evoy  Brothers— W.  J  L.  19,  Con.  3 600 

6  Jewry  &  Eroy— W.  J  L.  19,  Con.  3 BOO 

6  Fairbanks— Sub.  31,  R.  5,  L.  17,  Con.  2 BOO 

0  Camplwll- W.  i  L.  19,  Con.  2 300 

3  Bennett  Brothers 500 

B  Cliandler— Sub.  33,  R.  2^.  18,  Con.  2 ; 100 

R  Jewry  &  Evoy — Same  anbove,  bored  deeper 3000 

7  Sifton,  Gordon,  &  Bennett— Sub.  2,  L.  18,  Con.  2 160 

S  J.  W.  Sifton— Sub.  1,E  part  L.  16,  Con.  2 BOO 

8  Shaw— Sub.  10,  R.B.,L.  18,Con.3 3000 

3  Wanless— Sub.6,R.E.,L.18,Con.3 300 

0  McLane— Sub.  2,  E.  part  L.  IS,  Con.  2 3000 

1)  Ball— Sub.  3,  E,  part  L.  18,  Con.  2 360 

0  Eumsey-— Sub.  6,  E.  part  L,  IS,  Con.  3 .'. 260 

0  Whipple— Sub.  8,  B.  A.,  L.  13,  Con.  2 400 

S  Sanbom&Shannon— Sub.  13,a.C.,L.  l8,Con.  3 2000 

3  CajnpbeU&Forsjth— Sub.l?,B.C.,L.18,Con.3 1000 

3  ■Wlltea— Sub.  9,  B.  A.,  L.  18,  Con.  2 3000 

4Bradley— Sub.  13,B.I.,L.18,Con.  2 BOOO 

7  Webater&Shepley- E.partL.I8,Coii.3 SOOO 

0  Leavenwortb— Snb.  7,  R.  C.,1..  18,  Con.  3 GOO 
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D«pth  In  feet.  Yield  in  bbla. 

170  Culver— Sub.  7,R.C.,L.  18,Con.  2 200 

173  Allen— Sub.  3i>,  K.  5,  L.  17,  Con.  2 2000 

175  Barnes— Sub.  3G,  R.  5,  L.  17,  Con.  2 300 

178  Petit— W.  J  L.  19,  Con.  2 3000 

180  George  Gray— Sub.  32,  R.  I.,  L.  17,  Con.  2 150 

180  Holmes— Sub.  9,  E.  J  L.  19,  Con.  2 500 

187  McColl— Sub.  37,  R.  5,  L.  17,  Con.  2 1200 

188  Swan— E.  part  L.  18,  Con.  2 6000 

196  Nelson— Sub.  29,  R.  2,  L.  17,  Con.  2. 

212  Fiero— Sub.  1,  R.  4,  L.  19,  Con.  1 6000 

237  Black  &  Mathewson— Sub.  12,  L.  17,  Con.  1 7500 


Note  IX.,  page  396. 

The  thoughts  embodied  in  this  and  the  five  following  chapters  were  first 
shadowed  forth  by  the  author  in  the  Michigan  Journal  of  Education  in 
1860.  They  were  more  fully  elaborated  in  the  Ladies'  Repository  for  No- 
vember and  December,  1863,  and  January,  1864.  Many  thoughts  and 
conceptions  which  were  then  original  appear  to  be  now  but  the  echoes  of 
Mayer,  Helmholtz,  and  others.  This  is  particularly  the  case  in  reference 
to  the  doctrine  of  solar  refrigeration.  That  doctrine,  then  entirely  new 
to  the  writer,  was  put  forth  with  much  apprehension.  The  publication  of 
Mayer's  papers  in  Silliman's  Journal  (vol.  xxxvi.,  p.  261 ;  xxxvii.,  p.  187; 
xxxviii.,  p.  239,  397)  in  1863  and  1864  afforded  the  writer  the  first  exact 
basis  for  conclusions  which  he  had  already  reached.  The  later  researches 
of  others  have  served  to  give  a  scientific  sanction  to  statements  which  at 
one  time  might  have  been  regarded  as  little  more  than  vagaries  of  the  im- 
agination. 


Note  X. ,  page  404. 

Such,  at  least,  is  the  generalization  put  forth  by  Miincke,  Mrs.  Somer- 
ville,  and  other  physicists.  It  is  apparently  founded  on  reports  of  obser- 
vations made  by  Scoregby  and  Parry  in  the  Arctic  Ocean,  and  by  James 
Ross  in  the  Antarctic.     M.  Charles  Martins,  however,  a  highly  competent  ^ 

authority,  denies  that  any  such  increase  of  temperature  in  the  deeper  arc- 
tic waters  exists.  Nothing  of  the  kind  was  observed  by  le  Contre-Amiral 
Coupvent  des  Bois  in  the  voyage  of  the  corvettes  Astrolabe  and  Z€l€e  ; 
nor  in  the  soundings  made  on  the  two  voyages  to  Spitzbergen  with  the  1  ^ 

corvette  Recherche.  '  \ 

n  this  subject,  see  Gehler's  Physikalisches  Worterbuch^  t.  vi.,  p.  1685; 
rville's  Connection  of  the  Physical  Sciences,  Am.  ed. ,  p.  245  ;  May-  '  \ 
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er,  Celestial  Dynamics,  in  Correlation  and  Conservation  of  Forces,  p. 
311 ;  Voyage  en  Scandinavie  et  au  Spitzherg  de  la  corvette  la  Recherche, 
Geographie  Physique,  t.  ii.,  p.  279 ;  Annates  de  Chimie  et  deJPhysiqtte,  3® 
Serie,  t.  xxiv.,  p.  220,  184:8 ;   Oomptes  Rendus,  t.  Ixi.,  p.  839; 
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j\cceterat\oD  of  oartb'e  [Otatinn,  403,400. 
ACDBmulatloa  of  brine,  eUB,  2BU. 

"  of  pBtroleuDi,  282,  SSI,  291. 

Antunwtr,  1«S. 
AcSnia,  B2«. 
'  AddlliuDS  to  CbecontiiiBnt  probable,  SSD. 
Adbimar  on  glsclnl  theaty.US. 
AdlrondacB,  rooks  ot,  IB. 
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AdveaC  of  man  Id  Enmnc.  SlU. 
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App)ilDcluanBiipbeDTed,16iL310. 

Aquatic  hoblts  nud  relative  rank,  1 


■:^xofReptt]ee,n3. 
'••    0fMBinnlulB,19B. 
^iges,  periods,  and  epoch!,  I9S. 
AgBB  of  preblalorlo  man,  SOB,  3S4. 

AEErBgiWonB  of  coamical  mattar,  481. 

AEriatuttire  in  primeval  times,  SIM. 

Arr-broBl;hen,caBdiIloni  ofeilelence 

IBl. 
Alr-breilbeiB,  earlleat,  tes. 
Aleutian  Islands,  SB. 


wt  priticepit.  TO, 

onltea,  cbaractorB  of,  119. 

'■  Meaoiolcm. 

AmtaoniOe  eanalicnlatm,  119. 
"kmpblblaDH,  317. 
Lmphlctelion  verli 


ifwirafn,  Ml. 


Aicbed  Rock,  Uackluac  Isluid,  148. 
ArchtgoeauFue,  IbS. 
Arcbllectnre,  mimic,  SOT. 
ArcUc  rwionB  uplifted,  2ia,  OIL 
ATgonmi&i  Argo,  110.  ' 
Anstoile  on  eiernilT  oS  esieting  order, 
use. 

Ltle9lan>vellB,94. 

'•     of  Toledo,  a«. 
lrt*ropR!/ciM  Harlani,  124. 

[aavhva  cavdatits,  SI, 
ffifloB,  IDS. 

.Bhiey  Klver,  bnman  relics  at,  seO. 
Assorting  HCtlou  of  water.  S2B,  S39. 
Aeterolda  and  world  barmonies.  £80. 


Ayme 


.u  primt 


AiMce  on  cjclee,  SST. 

Baonlllee,  disractera  of,  11*. 

Baaililee  ovatut.  111. 

■"-"  —  ■■- -'"---ntah, am, 208. 2M. 

li-B  Caie, 


Bad  LandB  c 
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Beautiful,  idea  of  the,  corre fated  to  Na- 
ture, 374. 

Beifiiniiug  of  lerreHtrial  order,  397. 

Beuring'H  Straits  crossed  by  man,  362. 
'*  "       once  an  isthmus,  369. 

Beliefs,  popular,  in  general  catastrophes, 
3M). 

Benelicence  in  glacier  action,  227,  336. 

Beneticeuce    in    continental    submerg- 
ences, 232. 

Beneficence  in  arrangement  of  springs, 
233,  234,  335. 

Benelicence   in   terrestrial  disruptions, 
333. 

Benetlceuce  in  disclosure  of  mineral  val- 
ues, 333. 

Beuertcencc  In  Nature  correlated  to  man, 
374. 

Beneficence  and  wisdom  in  coal-making, 
100. 

Big  Cafion  of  the  Colorado,  346. 
lluronian,  67. 


Bigsby,  Dr.,  on  II 
Bin-flsh,  160,  320. 


Billings,  E.,  on  St.  John's  Group,  75. 

"  "  Lower  llelderberg,  126. 

Bipedal  footprints,  182. 

•♦       reptiles,  182, 191. 
Bird-tracks  of  Connecticut,  182. 

'*  "  not  ornithic,  185. 

Birds  later  than  the  tracks,  182. 
Bison  in  Europe,  360. 
Bitterns  in  salt-making,  302. 
Black  Hills  of  Dakotah,  78. 
Black  shales,  165. 
Blowing  oil  wells,  284,  285. 
Blue-grass  region,  geology  of,  82,  344. 
Bogs  oT  Denmark,  253. 
Bon  Air,  Teun.,  situation  of,  343. 
Bones,  fossil,  of  Bad  Lands,  207. 
Bothwell  oil  region,  288,  289. 
Boucher  de  Perthes  ou  primeval  man, 356. 
Boulder  at  University  of  Michigan,  220. 

"        •'  Bradford,  Mass.,  220. 
Boulders  as  rock  specimens,  63. 

"        origin  of,  220. 

"        utility  of,  265. 
Boussingault  on  vegetable  accumulation, 

155. 
Bmchiopods,  81. 
Brachyural  crustaceans,  326. 
Bradford  boulder,  220. 
Brasseur  on  Aztec  cosmogony,  387. 
Brazil,  glacier  phenomena  of,  221. 
Brewster,  Sir  David,  on  nebular  hypothe- 
sis, 435. 
Brahma,  383. 
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Thormhofer  mines,  489. 
Thylacotheriunij  189. 
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Triassicotfurassic  sandstone  and  tracks, 

180. 
Trilobites,  characters  of,  80, 317. 
"         of  Trenton  period,  lOa 
"         contents  of  the  type  of,  319. 
Troeholitea  ammoniuSf  116. 
Tropical  climates  of  early  times,  197. 
Trunks  of  trees  in  mines,  168, 169. 
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